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ABSTRACT
The Poropotank R ive r  e s tu a ry ,  on th e  Coastal  P la in  o f  sou theastern  
V i r g i n i a ,  i s  a t  i da I I y - I n f I u e n c e d  t h i r d  o r d e r  t r i b u t a r y  o f  t h e  
Chesapeake Bay s y s te m .  The area  now occupied by th e  Poropotank R iver  
d ra inage bas in  has been s u b je c te d  t o  s u c c e s s i v e  c y c l e s  o f  t r a n s g r e s ­
s i o n  and r e g r e s s i o n ,  r e s u l t i n g  from g I ac l o e u s ta t  Ic o s c i l l a t i o n s  In sea 
level and changes In the  c o n f i g u r a t i o n  o f  t h e  ocean b a s in s  t h r o u g h o u t  
t h e  l a t e  C e n o z o i c .  W i t h i n  t h e  P o ro p o ta n k  R i v e r  d r a in a g e  b a s i n ,  
o s c i l l a t i o n s  in sea leve l  have produced responses p a r a l l e l  t o ,  b u t  n o t  
n e c e s s a r i l y  s i m i l a r  t o  those  observed in co a s ta l  env ironments .
Geomorphology and s t r a t i g r a p h y  p r o v i d e  e v id e n c e  f o r  seven m a jo r  
c y c l e s  and one m in o r  c y c l e  o f  t r a n s g r e s s i o n - r e g r e s s I  on w i t h i n  t h e  
Poropotank R ive r  d r a in a g e  b a s i n .  E v id e n ce  f o r  t h e s e  t r a n s g r e s s  I v e -  
r e g r e s s i v e  c y c l e s  e x i s t s  In t h e  fo rm  o f  s t r a n d e d  r e l i c t  s h o r e l i n e s  
(scarps)  and assoc ia ted  d e p o s i t i o n a l  su r faces  ( p l a i n s  and benches) t h a t  
a r e  u n d e r l a i n  by  f i n i n g - u p w a r d  s e d im e n ta r y  sequences bounded by 
d i s c o n fo r m l t l e s  ( a I l o s t r a t i g r a p h i c  u n i t s ) .  The Poropotank R iv e r ,  as the  
f  I u v I a I - e s t u a r  I ne sys tem  we now recogn ize ,  d id  n o t  e x i s t  u n t i l  m idd le  
P le is to c e n e  t im e s ;  however, th e  e a r l i e s t  development o f  t h e  sys tem was 
predetermined by re g io n a l  t e c t o n i c  and sedimentary  processes which began 
as f a r  back as la te  Miocene t im e .
The g e o l o g i c  e v o l u t i o n  o f  th e  Poropotank R ive r  d ra inage  basin  is 
l in ke d  t o  s h o r t - te rm  p e r tu r b a t io n s  in an o v e r a l l  r e g re s s iv e  t re n d  w i t h i n  
t h e  r e g i o n .  T h i s  i n v e s t i g a t i o n  has s u b d i v i d e d  t h e  l o n g e r - t e r m  
re g re s s iv e  t re n d  In to  th re e  g e ne ra l ize d  phases. These th r e e  gene ra l ized  
phases In t h e  d e p o s l t l o n a l  h i s t o r y  o f  t h e  P o ro p o ta n k  R ive r  dra inage 
basin  a re :  1) th e  p u re ly  o f f s h o r e  mar ine phase, represen ted  by t h e  l a t e  
M iocene  age E a s to v e r  F o r m a t io n  and t h e  e a r l y  t o  m id d le  P l iocene  age 
Y o rk to w n  F o r m a t i o n ,  2) t h e  t r a n s i t i o n a l  o r  m a r g in a l  m a r in e  p h a s e ,  
r e p r e s e n t e d  by t h e  l a t e  P l i o c e n e  age B a r h a m s v i l l e  fo rm a t ion  and the  
e a r l y  P le is to c e n e  age Windsor Form at ion ,  and 3)  t h e  f  I u v I a I - e s t u a r  I ne 
phase ,  r e p r e s e n t e d  by t h e  m i d d l e  t o  l a t e  P le is to c e n e  age Chuckatuck, 
S h i r l e y ,  and Tabb fo rm a t io n s ,  a lo n g  w i t h  H o lo ce ne  d e p o s i t s .  Each o f  
these th re e  phases can be expressed as a g e ne ra l ize d  d e p o s i t i o n a l  model.
The Holocene s t r a t i g r a p h I c  r e c o r d  and p r e s e n t - d a y  o b s e r v a t i o n s  
s u g g e s t  c o m p le x  I n t e r a c t i o n s  between d e p o s i t i o n a l  and e r o s i o n a l  
p ro c e s s e s  w i t h i n  t h e  P o ro p o ta n k  R i v e r  d r a in a g e  b a s i n .  A c t i n g  as 
s e d im e n t  t r a p s ,  Holocene marshes are g iv in g  r i s e  t o  t h i c k  accumulat ions 
o f  o r g a n i c - r i c h  sediments a lo n g  s t re a m  v a l l e y s  and e x t e n s i v e  b l a n k e t  
d e p o s i t s  o f  o r g a n i c - r i c h  muds upon l o w - ly in g  areas b o rd e r in g  the  York 
and Poropotank r i v e r s .  A t  th e  same t im e ,  wave a c t i o n  and t r a n s g r e s s i n g  
seas a re  r e s u l t i n g  In lo c a l i z e d  c l i f f  e ro s io n ,  r a p id  e ro s io n  o f  several  
small  I s la n d s ,  and t h e  d ro w n in g  and d e s t r u c t i o n  o f  s m a l l e r  f r i n g i n g  
marshes. The area is  p re s e n t l y  be ing a l t e r e d  th rough  manf s a c t i v i t i e s .
x
GEOLOGIC RESPONSES TO LATE CENOZOIC MARINE TRANSGRESSIONS 
IN THE POROPOTANK RIVER ESTUARY, VIRGINIA
INTRODUCTION
The C h e s a p e a k e  Bay, b e in g  an Inunda+ed r i v e r  s y s te m ,  can be 
subd iv ided  accord ing  t o  th e  s i z e  and o r d e r  o f  t h e  t r i b u t a r i e s  f l o w i n g  
I n t o  I t .  In t h i s  c l a s s i f i c a t i o n ,  t h e  f i r s t  o r d e r  s t re a m  is  t h e  
Chesapeake Bay; second o rd e r  t r i b u t a r i e s  are  those w h ich  f l o w  d i r e c t l y  
i n t o  t h e  Bay ( s u c h  as t h e  James and Y o r k  r i v e r s ) ;  t h i r d  o r d e r  
t r i b u t a r i e s  a re  th o s e  w h i c h ,  in  t u r n ,  f l o w  i n t o  t h e  s e c o n d  o r d e r  
t r i b u t a r i e s  (such  as t h e  P o ro p o ta n k  and Chlckahomlny r i v e r s ) ;  and so 
f o r t h  down t o  th e  s m a l le s t  r i l l .
T h i s  I n v e s t i g a t i o n  was u n d e r t a k e n  In an a t t e m p t  t o  b e t t e r  
u n d e rs ta n d  how s m a l l e r ,  m ore  r e s t r i c t e d  e s t u a r i e s  ( t h i r d  o r d e r  
t r i b u t a r i e s )  o f  th e  Chesapeake Bay have responded t o  o s c i l l a t i o n s  in sea 
leve l  th roughou t  th e  la te  Cenozoic. Another m ot ive  was th e  q u e s t i o n  as 
t o  w h e th e r  o r  n o t  a c l a s s i c a l  g e o l o g i c a l  a p p ro a ch  (a geomorphic and 
s t r a t  Igraph Ic framework) c o u ld  be employed t o  c o n s t r u c t  a c o n c e p tu a l  
d e p o s i t i o n a l  mode l  o f  such a sys te m .  I t  was p o s t u l a t e d  t h a t  t h e  
Poropotank R ive r  d ra inage  bas in  (F ig u re  1) has been sub jec ted  t o  severa l  
c y c le s  o f  t ra n sg re ss  Ion and reg ress ion  th ro u g h o u t  th e  l a te  Cenozoic, and 
t h a t  each episode o f  t ra n s g re s s io n  ( In u n d a t io n )  r e s u l t e d  In b a c k f i l l i n g  
o f  t h e  b a s i n ,  as e v id e n c e d  by b a s a l - l a g  d e p o s i ts  l o c a l l y  o v e r la i n  by 
pa luda l  f a c ie s  and o v e r a l l  f i n i n g  upward sequences o f  sediments.
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F ig u re  1. Index map showing l o c a t io n  o f  Poropotank R ive r  d ra inage  basin
4The main o b je c t i v e s  o f  t h i s  I n v e s t i g a t i o n  a re :
1) t o  de term ine  th e  l a te  Cenozoic s t r a t I g r a p h I c  and geomorphlc framework
o f  t h e  Poropotank R ive r  d ra inage b a s in ,
2) t o  r e l a t e  sediment c h a r a c t e r I s t l c s  t o  processes a c t i v e  a t  th e  t im e  o f  
d e p o s i t i o n  and c o n s t r u c t  a c o n c e p tu a l  d e p o s l t l o n a l  model o f  the  
b a s in ,  and
3)  t o  r e l a t e  th e  f i n a l  I n t e r p r e t a t I o n s  t o  th e  re g io n a l  g e o lo g ic  s e t t i n g
and r e c o n s t r u c t  th e  g e o lo g ic  h i s t o r y  o f  th e  bas in .
Being a l o c a l i z e d  I n v e s t i g a t i o n ,  the  au thor  r e a l i z e s  l i m i t a t i o n s  In 
a p p l i c a b i l i t y ,  bu t  I t  Is hoped t h a t  t h i s  model and those means by w h ich  
I t  was a r r i v e d  a t  w i l l  a i d  In  f u t u r e  I n v e s t i g a t i o n s  o f  s i m i l a r  
g e o lo g ic a l  systems.
Because o f  th e  presence o f  d ia g n o s t i c  I n d i c a to rs  f o r  past  sea leve l  
p o s i t i o n s  ( s a l t  marsh d e p o s i t s ,  beach d e p o s i t s ,  I n t e r t i d a l  m a r i n e  
o r g a n is m s )  and t h e  more e x te n s ive  re p re s e n ta t io n  o f  sedimentary  u n i t s ,  
many p re v io u s  g e o lo g ic  I n v e s t i g a t i o n s  on th e  A t l a n t i c  Coastal  P la in  have 
c o n c e n t r a t e d  p r i m a r i l y  upon t h e  open c o a s t a l  e n v i ro n m e n t .  However, 
because  o f  t h e  h ig h  e n e r g e t i c s  o f  t h e  open  c o a s t a l  e n v i r o n m e n t ,  
s i g n i f i c a n t  p o r t i o n s  o f  o l d e r  s e d im e n ta r y  u n i t s  may be eroded du r in g  
ensuing marine t r a n s g r e s s i o n s ,  l e a d in g  t o  gaps In t h e  s t r a t I g r a p h  I c 
r e c o r d .  On t h e  o t h e r  h a n d ,  t h e  lower  e n e rg y  and more s h e l t e r e d  
e n v i r o n m e n t  found  w i t h i n  e s t u a r i e s  I s ,  I d e a l l y ,  b e t t e r  s u i t e d  f o r  
p r e s e r v a t i o n  o f  sed im en ta ry  u n i t s .  There Is a t r a d e - o f f  here ,  In t h a t  
d u r in g  t im es  o f  lowered sea l e v e l ,  e s t u a r i e s  a re  s u b je c t e d  t o  f l u v i a l  
p ro c e s s e s  and s e d im e n ta r y  u n i t s  ( w h ic h  were le s s  e x te n s iv e  t o  begin 
w i t h )  may be removed by stream e ro s io n .  Can f o r m e r l y  In u n d a te d  r i v e r  
v a l l e y s  o f  th e  Chesapeake Bay, under c e r t a i n  c i rcum stances ,  y i e l d  a more
5comple te  s t r a t l g r a p h l c  reco rd  t h a n  t h a t  found  a lo n g  t h e  c o a s t?  T h i s  
q u e s t i o n  was a p r im e  m o t i v e  In I n i t i a t i n g  t h i s  I n v e s t i g a t i o n .  I t  Is 
p robab le  t h a t  few, I f  any, areas e x i s t  a long th e  A t l a n t i c  C oas ta l  P l a i n  
In w h ich  a c o m p le te  s t r a t  I g ra ph  Ic record  f o r  th e  la te  Cenozoic can be 
found. Thus, th e  g e o lo g ic  h i s t o r y  o f  the  A t l a n t i c  Coastal  P la in  w i l l  be 
d e r i v e d  o n l y  t h r o u g h  p a i n s t a k i n g  s y n t h e s i s  o f  numerous l o c a l  and 
re g io n a l  I n v e s t i g a t i o n s .  F o r m u l a t i o n  o f  a g e o l o g i c  h i s t o r y  f o r  t h e  
A t l a n t i c  C o a s ta l  P l a i n  has been c o m p l i c a t e d  by n a t u r a l l y  o c c u r r i n g  
phenomena such as a b r u p t  changes In t h e  n a t u r e  o f  t h e  s e d im e n ts  and 
s c a r c i t y  o f  o u tc ro p s ,  and by man-induced f a c to r s  such as th e  a p p l i c a t i o n  
o f  q u es t io n a b le  d a t i n g  methods and I n t e r p r e t a t i o n s  based s o l e y  upon 
b I o s t r a t  I g a p h Ic  c o n c e p t s .  T h i s  p rob lem  was emphas ized by Ward and 
B l a c k w e l d e r  (1980)  when t h e y  s t a t e d ,  "A c o n s i s t e n t  s t r a t l g r a p h l c  
framework is  o b v io u s ly  lack ing  f o r  upper Miocene and lower P l iocene  beds 
u n d e r l y in g  th e  V i r g i n i a  Coastal  P l a in .  E a r ly  work . . .showed a c o n f u s i n g  
m ix tu re  o f  I i t h o s t r a t i g r a p h i c ,  c h r o n o s t r a t I g r a p h I c ,  and b i o s t r a t i g r a p h i c  
u n i t s  and more modern work has f a i l e d  t o  e l i m i n a t e  th e  c o n fu s io n ” .
PREVIOUS INVESTIGATIONS
E a r ly  g e o lo g ic a l  I n v e s t i g a t i o n s  on t h e  A t l a n t i c  C o a s ta l  P l a i n  o f  
North America were s t r o n g l y  In f luenced  by I n t e r p r e t a t i o n  o f  th e  reg io n a l  
geomorphology. A s e r ie s  o f  prominent t e r r a c e s  ( h e r e i n  r e f e r r e d  t o  as 
" p l a i n s ” ) ,  wh ich  were th o u g h t  t o  have o r i g i n a t e d  th rough d e p o s i t i o n  o f  
s e d im e n ts  In a s h a l l o w  m a r in e  e n v i r o n m e n t ,  were t r a c e d  a l o n g  t h e  
A t l a n t i c  C o a s ta l  P l a i n .  The sediments u n d e r ly in g  a p a r t i c u l a r  t e r r a c e  
were though t  t o  have been depos i ted  du r ing  a s i n g l e  marine t ra n s g re s s  Ion 
and were c o n s id e r e d  t o  c o n s t i t u t e  a s i n g l e  l l t h o l o g l c  f o rm a t io n .  I t  
was assumed t h a t  s e d i m e n t a r y  u n i t s  w e re  g e n e t i c a l l y  r e l a t e d  t o  
g e om o rp h lc  f e a t u r e s  on a s imp le  one- to -one  bas is  and, th u s ,  fo rm a t ions  
were assigned th e  same name as th e  assoc ia ted  t e r r a c e  ( F i g u r e  2 ,  a and 
b ) .  T h i s  sch o o l  o f  t h o u g h t  came t o  be known as the  t e r r a c e  fo rm a t ion  
concept (S h a t tu ck ,  1906; C la rk  and M i l l e r ,  1912). The concept was l a t e r  
expanded and r e f i n e d  by a number o f  I n v e s t i g a to r s ,  In c lu d in g  Wentworth 
(1930) and Cooke (1931) .  Beginn ing w i th  Moore ( 1 9 5 6 ) ,  more r e c e n t  and 
d e t a i l e d  g e o l o g i c  I n v e s t i g a t i o n s  on t h e  A t l a n t i c  Coastal  P la in  have 
shown t h a t  a p l a i n  may be u n d e r l a i n  by m ore  t h a n  one  l l t h o l o g l c  
f o r m a t i o n  and t h a t  a s i n g l e  fo rm a t ion  may extend beneath severa l  p la in s  
(F ig u re  2 c ) .  Recent I n v e s t i g a t i o n s  have shown t h a t  t h e  s e d im e n ta r y  
u n i t s  u n d e r l y i n g  th e s e  p l a i n s  a re  n o t  u n l i k e  t h e  complex and va r ie d  
assemblage o f  l l t h o l o g l c  u n i t s  found  In modern c o a s t a l  e n v i r o n m e n t s .  
I t  I s  now re c o g n i z e d  t h a t  a s i n g l e  C o a s ta l  P l a i n  f o r m a t i o n  may be 
composed o f  s e v e r a l  l l t h o l o g l c  f a c i e s  w h i c h  o r i g i n a t e d  t h r o u g h
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F i g u r e  2 .  D ia g ra m m a t ic  c r o s s  s e c t io n s  showing a) the  t e r r a c e  fo rm a t ion  
concept  o f  Shattuck (1906) ,  b) which was l a t e r  adop ted  and r e f i n e d  by 
Cooke ( 1 9 3 1 ) ,  and c)  t h e  g e o m o r p h I c - s t r a t I  g raph 1c framework o f  t h i s  
i n v e s t Ig a t  i o n .
8th o s e  a c t i v e  s e d im e n ta r y  p rocesses  c h a ra c te r  1st Ic o f  th e  d e p o s l t l o n a l  
e n v i ro n m e n t  In w h ich  each f a c i e s  was d e p o s i t e d .  As a r e s u l t ,  more 
r e c e n t  g e o l o g i c a l  I n v e s t i g a t i o n s  have s t ressed  mapping o f  g e n e t i c a l l y  
r e la t e d  fa c ie s  and, having abandoned e a r l i e r  te rm in o lo g y  o f  t h e  t e r r a c e  
f o r m a t i o n  concep t ,  have begun d e f i n i n g  sedimentary  u n i t s  and geomorphlc 
fe a tu r e s  s e p a r a t e l y  (M o ore ,  1956; Coch, 1968; B Ic k  and Coch, 1969; 
Johnson, 1972, 1976; and B e r q u ls t ,  1983).
A f u l l e r  unders tand ing  o f  t h e  s t r u c t u r e  o f  t h e  A t l a n t i c  C o a s ta l  
P l a i n  f i r s t  began w i t h  t h e  I n t r o d u c t i o n  o f  geophys ica l  methods In th e  
1 9 3 0 f s .  In r e c e n t  y e a r s  key I n v e s t i g a t i o n s  h a ve  shown t h a t  t h e  
s t r u c t u r e  o f  th e  Coastal  P la in  Is not th e  t e c t o n l c a l l y  s t a b le  and s imple  
wedge o f  seaw a rd - th icke n in g  wedge o f  sed iment,  as p r e v i o u s l y  b e l e l v e d ,  
and t h a t  t e c t o n i c s  are an Impor tan t  f a c t o r  In de te rm in ing  th e  na tu re  and 
d i s t r i b u t i o n  o f  sed imentary u n i t s .  H Igh-ang le  r e v e rs e  f a u l t s  near  t h e  
F a l l  L i n e  have been r e p o r t e d  by Mixon and Newell (1977, 1982), and by 
D isch in g e r  (1979) .  Regional I nvest  Ig a t  I os such as Brown,  M i l l e r ,  and 
Swain ( 1 9 7 2 ) ,  and Newel l and Rader (1982) d iscuss  th e  e f f e c t s  o f  l a rg e -  
sca le  t e c t o n i c  processes upon th e  lo n g - te rm  e v o l u t i o n  o f  t h e  A t l a n t i c  
C o a s ta l  P l a i n .  S abe t  (1972) proposed t h a t  p a r t s  o f  th e  James and York 
r i v e r s  a re  f a u l t - c o n t r o l l e d  based on g r a v i t y  and m a g n e t i c  d a t a .
GEOLOGIC SETTING OF THE ATLANTIC COASTAL PLAIN
The geomorphology o f  t h e  C o a s ta l  P l a i n  P r o v in c e  o f  V i r g i n i a  i s  
c h a r a c t e r  I zed by a s u c c e s s io n  o f  g e n t l y - s l o p in g  p la i n s  separated from 
one another by more s t e e p l y - s l o p i n g  s c a r p s .  The n e t  r e s u l t  o f  t h i s  
a s s o c i a t i o n  i s  a s t a i r s t e p  t o p o g r a p h y ,  w i t h  t h e  p l a i n s  b e i n g  
su cce ss ive ly  lower t o  th e  e a s t  and towards p re s e n t -d a y  e s t u a r i e s .  The 
s c a rp s  r e p re s e n t  s t randed r e l i c t  s h o r e l i n e s ,  w h i le  th e  p la in s  rep resen t  
r e l i c t  su r faces  o f  d e p o s i t i o n .  P la in s  are  u n d e r la in  by l o c a l l y  complex 
assemblages o f  s e d im e n t a r y  u n i t s  wh ich  were d e r i v e d  through mar ine, 
e s t u a r i n e  and f l u v i a l  p r o c e s s e s .  B o th  s e d i m e n t s  and a s s o c i a t e d  
g e o m o r p h l c  f e a t u r e s  were formed d u r i n g  o s c i l l a t i o n s  In sea l e v e l  
th roughou t  th e  la te  Cenozo ic. Beg inn ing  In l a t e  P l i o c e n e  t i m e s ,  each 
s u c c e s s i v e  h ig h  s ta n d  In sea l e v e l  was low er  th a n  th e  p rev ious  high 
s tand.  The net r e s u l t  o f  t h i s  o v e r a l l  t re n d  Is t h a t  th e  p la i n s ,  scarps, 
and u n d e r l y i n g  s e d im e n t a r y  u n i t s  become younger t o  th e  e a s t ,  towards 
p resen t-day  stream v a l l e y s ,  and w i th  a decrease In e l e v a t i o n .
The b a s ic  b u i l d i n g  b lock  o r  u n i t  o f  Coastal  P la in  sed imenta t ion  Is 
an In d i v id u a l  t ra n s g re s s  I v e - re g re s s Iv e  c y c le .  I d e a l l y ,  such c y c l e s  a re  
r e p r e s e n t e d  by f in in g -u p w a rd  sequences o f  sediments t h a t  are recognized 
on th e  b a s i s  o f  b o u n d in g  d I s c o n f o r m I t i e s . The 1983 N o r th  Amer ican 
C o m m is s io n  on S t r a t  i g r a p h  I c N o m e n c la tu re  d e f i n e s  t h e s e  u n i t s  as 
a I I o s t r a t I  g r a p h i c  f o r m a t i o n s .  A c c o r d in g  t o  O nuschak  ( 1 9 7 3 ) ,  t h e  
preserved r e s u l t  o f  a marine t ra n s g re s s  Ion In th e  open coas ta l  zone Is a 
wedge o f  p redom inan t ly  mar ine sediments t h a t  t h i n  landward  and o v e r l a p
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o n t o  o l d e r  s e d im e n ts .  The r e g r e s s i v e  p o r t i o n  o f  t h i s  c y c le  m igh t  be 
represented  by a more lo c a l i z e d  assemblage o f  f l u v i a l  and t r a n s i t i o n a l  
e s t u a r i n e  s e d im e n ts  a s s o c ia t e d  w i t h  streams as th e y  extend themselves 
on to  and c u t  In to  th e  p re v io u s ly  d e p o s i te d  wedge o f  m a r in e  s e d im e n ts .  
In a c t u a l i t y ,  t h e  r e g r e s s i v e  f l u v i a l  p o r t i o n  o f  t h e  c y c le  Is r a r e l y  
preserved because o f  rework ing and r e d e p o s i t i o n  d u r i n g  e n s u in g  m a r in e  
t ra n s g re s s  Ions.
TRANSGRESSIONS AND REGRESSIONS IN COASTAL PLAIN RIVER VALLEYS
Re I neck and S ingh  (1975 )  d e f i n e  t r a n s g r e s s io n  as th e  process o f  
m ig r a t i o n  o f  th e  s h o r e l i n e  o f  a body o f  water In a landward  d i r e c t i o n ,  
and r e g r e s s i o n  as m i g r a t i o n  o f  t h e  s h o r e l i n e  in a seaward d i r e c t i o n .  
T h is  d e f i n i t i o n  Is use fu l  In C o a s ta l  P l a i n  I n v e s t i g a t i o n s  in  t h a t  I t  
a p p l i e s  n o t  o n l y  t o  oceanic  s h o re l i n e s ,  b u t  t o  e s tu a r in e  s h o re l in e s  as 
w e l l .  T ransgress Ions and r e g r e s s i o n s  a re  n o t  s i m p l y  t h e  p r o d u c t s  o f  
r i s i n g  and f a l l i n g  sea l e v e l .  M ig ra t io n  o f  a s h o r e l i n e  depends upon a 
number o f  f a c t o r s ,  such as th e  r a te  and d i r e c t i o n  o f  r e l a t i v e  sea l e v e l  
c h a n g e ,  t h e  r a t e  a t  w h ich  s e d im e n ts  a re  s u p p l i e d  t o  t h e  s h o r e l i n e ,  
th e  i n t e n s i t y  o f  hydrodynamic p rocesses, and t h e  c o n f i g u r a t i o n  o f  t h e  
b a s i n .  C u r r a y  (1964 )  grouped these f a c t o r s  i n t o  two mechanisms -  r a t e  
o f  d e p o s i t i o n  and r a t e  and d i r e c t i o n  o f  sea leve l  change. Depending on 
t h e  c o m b in a t i o n  o f  such f a c t o r s ,  C u r r a y  r e c o g n i z e s  severa l  types  o f  
t ra n s g re s s  ions and re g re ss io ns  (F ig u re  3 ) .
E a r l i e s t  o b s e r v a t i o n s  n o te d  t h a t  g e o m o rp h ic  f e a t u r e s  wh ich  
o r i g i n a t e d  th rough o s c i l l a t i o n s  In e u s t a t i c  sea leve l  a re ,  o r  once were, 
c o n t i n u o u s  a r o u n d  b o r d e r s  o f  e s t u a r i e s  and some s t re a m  v a l l e y s  
(S h a t tu ck ,  1906). W i th in  th e  e s tu a r ie s  and f o rm e r  I y In u n d a te d  s t re a m  
v a l l e y s  o f  t h e  Chesapeake Bay, o s c i l l a t i o n s  in sea leve l  have produced 
responses p a r a l l e l  t o ,  b u t  no t  n e c e s s a r i l y  s i m i l a r  t o  those  o b s e rv e d  In 
c o a s t a l  env i ronm en ts .  Some aspects o f  th e  p hys ica l  c h a ra c te r  1 s t Ics and 
a c t i v e  p r o c e s s e s  a s s o c i a t e d  w i t h  s t re a m  v a l l e y s  d u r i n g  e p is o d e s  o f
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F i g u r e  3 .  D iagram i l l u s t r a t i n g  t h e  e f f e c t s  o f  t h e  r a t e  o f  change o f  
r e l a t i v e  sea l e v e l  and l o c a l  n e t  r a t e  o f  d e p o s i t i o n  on l a t e r a l  
m ig ra t i o n  o f  th e  s h o r e l i n e  ( a f t e r  C ur ray ,  1964)
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sea l e v e l  o s c i l l a t i o n  a r e  d iscu sse d  by Hack (1957 ) ,  Colquhoun (1966), 
K r a f t  (1971) ,  and Carron (1976) .
C o a s ta l  P l a i n  e s t u a r i e s  have a c te d  as sediment t r a p s  th roughou t  
c e r t a i n  pe r iods  o f  th e  g e o lo g ic  p a s t ,  s p e c i f i c a l l y  d u r i n g  t im e s  o f  sea 
l e v e l  r i s e  and Inu n d a t io n .  During these  p e r io d s ,  bas ins  are b a c k f i l l e d  
w i t h  s e d im e n ts  d e r i v e d  f rom  head land  e r o s i o n ,  and by a g g r a d a t i o n  
r e s u l t i n g  f rom reduced  stream g ra d ie n ts  and marsh entrapment .  For th e  
p resen t  r i s e  In sea l e v e l ,  these processes a re  no more apparen t  th a n  In 
t h e  headward re a ch e s  and a lo n g  t h e  v a l l e y s  o f  some t h i r d  and fo u r th  
o rd e r  t r i b u t a r i e s .  Dur ing episodes o f  emergence o r  f a l l i n g  sea l e v e l ,  
e ro s lo n a l  downcut t ing  becomes th e  dominant process and these systems are 
a t  l e a s t  p a r t i a l l y  f lu sh ed  o f  p re v io u s ly  depos i ted  s e d im e n ts .  To what 
e x t e n t  t h e  g e o l o g i c  record  f o r  a g iven episode o f  d e p o s i t i o n  Is erased 
depends upon th e  geometry o f  t h e  b a s in  and t h e  m a g n i tu d e  o f  t h e  n e x t  
e v e n t  t o  o c c u r .  Colquhoun (1966) d iscusses some o f  these  f a c t o r s  In a 
genera l manner.
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RECONSTRUCTION OF DEPOSITIONAL ENVIRONMENTS
A fu n d a m e n ta l  g e o l o g i c a l  c o n c e p t  s t a t e s  t h a t  t h e  p h y s i c a l  
c h a r a c t e r i s t i c s  found w i t h i n  sedimentary bodies r e f l e c t  those  phys ica l  
processes a c t i v e  a t  t im e  o f  d e p o s i t i o n .  Th is  concept  Is u s e fu l  In t h a t  
I t  a l l o w s  f o r  r e c o n s t r u c t io n  o f  past env ironments  th rough  I n v e s t i g a t i o n  
o f  th e  g e o lo g ic  re co rd .  A n o th e r  Im p o r t a n t  g e o l o g i c a l  c o n c e p t  Is t h e  
D o c t r i n e  o f  Un I fo rm  I t a r  I an Ism which s t a t e s .  In a broad sense, t h a t  th e  
p r e s e n t  Is  t h e  key t o  t h e  p a s t .  Th rough  I n v e s t i g a t i o n  o f  m odern  
d e p o s l t l o n a l  e n v i r o n m e n t s  and t h e  p h y s i c a l  c h a ra c te r  I s t  Ics o f  modern 
s e d im e n ts  (Land and H o y t ,  1966; Boon, 1973; N a t a l e ,  1 9 8 2 ) ,  I t  I s  
p o s s i b l e  t o  f i n d  analogs In th e  g e o lo g ic  record  and I n f e r  environmenta l  
c o n d i t i o n s  a t  th e  t im e  o f  d e p o s i t i o n .  The o p p o s i te  a ls o  ho lds  t r u e ,  in 
t h a t  an u n d e r s t a n d in g  o f  p a s t  d e p o s l t l o n a l  env ironments and how they 
evolved can a id  in our  unders tand ing o f  p r e s e n t l y  a c t i v e  systems and a id  
In e x t r a p o l a t i o n  o f  p o s s i b l e  f u t u r e  g e o l o g i c  e v e n t s .  However, some 
measure o f  c a r e  s h o u ld  be employed when a t t e m p t i n g  t o  r e c o n s t r u c t  
pa I eoenv i r o n m e n ts , s i n c e  i t  Is  now re c o g n iz e d  t h a t  th e  magnitude and 
frequency o f  c e r t a i n  g e o lo g ic  processes have no t  remained c o n s t a n t  o v e r  
g e o l o g i c  t i m e .  Th rough  employment o f  t h e s e  fu n d a m e n ta l  g e o l o g i c a l  
c o n c e p t s  and t h r o u g h  d e t a i l e d  I n v e s t i g a t i o n  o f  t h e  g e o m o r p h i c -  
s t r a t l g r a p h l c  f ram ework  o f  an area,  I t  Is p o s s ib le  t o  r e c o n s t r u c t  th e  
g e o l o g i c  h i s t o r y  o f  many s y s te m s .  The n a t u r e  and d i s t r i b u t i o n  o f  
s e d im e n ts  can be used t o  I n f e r  p a s t  e n v i r o n m e n t s  o f  d e p o s i t i o n  and, 
u l t i m a t e l y ,  t o  c o n s t r u c t  a conceptual d e p o s i t i o n a l  model o f  t h e  sys tem 
( Jordan ,1964; V lsher ,1965 ;  Owens and Soh l,1969;  Newell and R ade r ,1982).
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METHODS
An e a r l y  o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  was t o  loca te  a coas ta l  
p l a i n  d ra inage  bas in  o f  f I u v l a l - e s t u a r I n e  c l a s s i f i c a t i o n  w i t h i n  which 
c o u ld  be found a comple te  o r  n e a r ly  complete r e p re s e n ta t io n  o f  th e  la te  
Cenozolc g e o lo g ic  re co rd .  Th is  was accomplished t h r o u g h  I n v e s t i g a t i o n  
o f  t o p o g r a p h i c  maps, a e r i a l  photographs and In f ra re d  Imagery, th rough 
search o f  th e  l i t e r a t u r e ,  and th rough p r e l im in a r y  f i e l d  I n v e s t i g a t i o n s .
A g e o m o r p h I c - s t r a t i g r a p h  Ic  f ram ew ork  f o r  t h e  P o ro p o ta n k  R iver  
d ra inage  system was fo rm u la ted  t h r o u g h  d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  
s u r f a c e  and subsur face  geo logy .  From t h i s  d e ta i l e d  I n v e s t i g a t i o n ,  both 
I n t r a f o r m a t I o n a I  and I n t e r f o r m a t  I o n a I  s e d i m e n t a r y  l l t h o f a c l e s  
r e l a t i o n s h i p s  were de te rm ined .  The temporal and s p a t i a l  r e l a t i o n s h i p s  
o f  these  sed imentary  l i t h o f a c i e s  formed th e  bas is  f o r  t h e  c o n s t r u c t i o n  
o f  a c o n c e p t u a l  d e p o s i t i o n a l  model f o r  th e  Poropotank R ive r  d ra inage 
b a s In .
F i e l d  Methods
F i e ld  work In th e  s tudy area was c a r r i e d  o u t  I n t e r m i t t e n t l y  from 
March 1980 t o  September 1983. S u b s u r fa c e  data were ob ta ined  from 86 
hand auger b o r in g s ,  21 e n g i n e e r i n g  b o r i n g s  s u p p l i e d  by t h e  V i r g i n i a  
E l e c t r i c  and Power Company, 10 marsh co re s ,  9 marsh th i c k n e s s  probes, 
and 4 water  w e l l s .  The subsur face  data were supplemented by In fo rm a t io n  
f r o m  156 n a t u r a l  and m an-m ade o u t c r o p s  and f rom  I n v e s t i g a t i o n ,
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measurement o f  21 s t r a t I g r a p h t c  s e c t i o n s ,  and 5 g rab  sa m p le s .  The 
l o c a t i o n s  o f  a l l  s u r f a c e  and subsur face  data p o in ts  were p l o t t e d  on a 
base map o f  t h e  s c a l e  1 : 5 0 ,0 0 0  ( P l a t e  1 ) .  Logs f o r  a l l  hand auge r  
b o r i n g s  a r e  p r e s e n te d  In A p p e n d ix  1, w h i l e  d e s c r i p t i o n s  o f  s e le c te d  
su r fa ce  ou tc rops  a re  presented In Appendix 2 .
U n i t e d  S ta tes  Geo log ica l  Survey 7 .5  minute  s e r ie s  to p o g ra p h ic  maps 
were used t o  loca te  and p l o t  major geomorphlc fe a tu re s  In th e  s tudy  area 
( t h a t  i s ,  b e n ch e s ,  p l a i n s ,  and s c a r p s ) .  Reconnaissance f i e l d  checks 
were c a r r i e d  o u t  t o  v e r i f y  th e  e x ls ta n c e  o f  a l re a d y  p l o t t e d  g e o m o rp h lc  
f e a t u r e s  and t o  I d e n t i f y  any a d d i t i o n a l  fe a tu re s  w i t h i n  th e  s tudy  a rea .  
A n a ly s e s  o f  h ig h  and low a l t i t u d e  a e r i a l  p h o t o g r a p h s  and o f  h i g h  
a l t i t u d e  In f r a re d  Imagery proved h e lp fu l  In d e l i n e a t i n g  severa l  Holocene 
and l a t e  P le is to c e n e  geomorhlc fe a tu re s  where v e g e t a t i o n  t y p e s  r e f l e c t  
c h a n g e s  In s u r f a c e  s l o p e  and e l e v a t i o n .  Because s o i l  t y p e s  a r e  a 
f u n c t i o n  o f  degree o f  s lope  and o f  u n d e r ly in g  sediments t y p e s ,  a n a l y s i s  
o f  t h e  G l o u c e s t e r  C ou n ty  S o i l  Survey (Newhouse e t  a l ,  1980) served as 
ye t  another  t o o l  In lo c a t in g  and v e r i f y i n g  g e om o rp h lc  f e a t u r e s  w i t h i n  
t h e  s t u d y  a rea .  Through employment o f  these methods, a p r e l im in a r y  map 
showing th e  p r i n c i p a l  geomorph lc  f e a t u r e s  o f  t h e  a rea  was g e n e r a t e d .  
A v o i d i n g  a p p l i c a t i o n  o f  t h e  now d ispu ted  t e r r a c e  fo rm a t ion  concept  o f  
e a r l i e r  I n v e s t i g a t o r s  ( S h a t t u c k ,  1 9 0 6 ;  C l a r k  and M i l l e r ,  1 9 1 2 ;  
W e n tw o r th ,  1 9 3 0 ) ,  t h i s  p r e l i m i n a r y  g e o m o rp h lc  map was th e n  used as 
b a s e l in e  In th e  fo rm u la t io n  o f  a g e o m o rp h Ic - s t r a t l g ra p h ic  framework f o r  
t h e  s t u d y  a r e a .  A f t e r  d e t a i l e d  I n v e s t i g a t i o n  o f  t h e  s u r f i c l a l  and 
subsur face  geology and th e  geomorphology o f  th e  a re a ,  t h i s  p r e l i m i n a r y  
map was f u r t h e r  r e f i n e d  ( P la t e  2 ) .
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Sediment samples were examined and c l a s s i f i e d  a c c o r d i n g  t o  t h e  
f o l l o w i n g  s y s te m s :  1) t h e  F o l k  c l a s s i f i c a t i o n  f o r  g r a v e l l y  sediment 
types  ( F o l k ,  1974) and t h e  G o r s l l n e  c l a s s i f i c a t i o n  f o r  n o n g r a v e l l y  
s e d im e n t  t y p e s  ( G o r s l l n e ,  1 9 6 0 ) ,  2) the  Geo log ica l  S o c ie ty  o f  America 
Rock C o lo r  C ha r t  (G o d d a rd ,  e t  a l ,  1 9 4 8 ) ,  3 )  t h e  W entwor th  s c a l e  f o r  
g r a i n  s i z e  ( W e n tw o r th ,  1 9 2 2 ) ,  4 )  t h e  g r a i n  shape c l a s s i f i c a t i o n s  o f  
Powers (1953) ,  5) t h e  v e r b a l  g r a i n  s o r t i n g  s c a l e  o f  F o l k  (1974)  and 
g r a i n  s i z e  s o r t i n g  c o m p a r a to r s  o f  Swanson (1981) ,  and 6) the  pr imary  
sedimentary  s t r u c t u r e  c l a s s i f i c a t i o n s  o f  P e t t i j o h n  and P o t t e r  (1964) and 
Relneck and Singh (1975) .
The s t r a t I g r a p h I c  framework f o r  th e  Poropotank R iver  dra inage basin 
was d e r i v e d  c h i e f l y  t h r o u g h  I n f o r m a t i o n  o b t a in e d  from 86 hand auger 
b o r in g s .  Of these  86 b o r in g s ,  81 were d r l  I led by t h e  a u t h o r  and 5 by 
C .R .  B e r q u l s t  o f  t h e  V i r g i n i a  D i v i s i o n  o f  Minera l  Resources. Using a 
standard s o i l  hand auger ,  i t  was p o s s ib le  t o  o b ta in  sediment samples a t  
15 cm (6 I n . )  I n t e r v a l s  t o  a maximum d e p th  o f  7 . 6  m (25 f t ) .  Upon 
comple t ion  o f  th e  b o r in g ,  each sediment sample was examined under  a 10 
power m a g n i f i c a t i o n  hand lens  and descr ibed w h i le  s t i l l  In th e  f i e l d .  
A f t e r  lay ing  o u t  th e  samples f o r  each completed hand auger  b o r i n g ,  t h e  
s e c t i o n  was scanned f o r  l i t h o l o g l c  breaks and l l t h o l o g i c  changes. The 
In d iv id u a l  samples were then combined o r  s u b d iv id e d ,  a c c o r d i n g l y ,  I n t o  
d i s t i n c t i v e  I n t e r v a l s  o r  l i t h o l o g l c  u n i t s .  D e t a i l e d  logs  were 
co n s t ru c te d  f o r  each hand auger bo r in g  a c c o r d i n g  t o  g u i d e l i n e s  as s e t  
f o r t h  In  t h e  A m e r i c a n  A s s o c i a t i o n  o f  P e t ro le u m  G e o l o g i s t s  Sample 
Examinat ion Manual (Swanson, 1981). Logs o f  a l l  hand augered s e c t i o n s  
a re  p r e s e n te d  In Appendix  1. For se le c te d  hand auger b o r in g s ,  samples
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were c o l l e c t e d  w i t h i n  e v e r y  15 cm (6 I n . )  I n t e r v a l  o r  w i t h i n  each  
d i s t i n c t i v e  l l t h o l o g l c a l  u n i t .
Twenty-one e n g in e e r in g  b o r in g s  d r i l l e d  by t h e  G I r d l e r  F o u n d a t io n  
and E x p l o r a t i o n  Company f o r  t h e  V i r g i n i a  E l e c t r i c  and Power Company 
prov ided a d d i t i o n a l  subsur face  data f o r  t h i s  s tu d y .  These e n g i n e e r i n g  
b o r i n g s  were d r i l l e d  f o r  c o n s t r u c t i o n  o f  a 230 kv t ra n sm iss io n  l i n e  
ex tend ing  from Lanexa t o  Harmony V i l l a g e ,  V i r g i n i a .  L o ca t io n s  o f  t h o s e  
b o r in g s  w i t h i n  th e  s tudy  area a re  p l o t t e d  on P la te  1. For each o f  these 
e ng inee r ing  b o r in g s ,  boundar ies  o f  I I t h o s t r a t  Ig ra p h  i c f o r m a t i o n s  were 
d e te rm in e d  by t h e  a u t h o r  based upon th e  genera l sediment d e s c r ip t i o n s  
and s tandard p e n e t ra t io n  t e s t s  o f  th e  logs. Ground e le v a t i o n  a t  the  top  
o f  each b o r i n g  was o b t a in e d  f ro m  a p la n  p r o f i l e  a c c u r a t e l y  surveyed 
along th e  t ra n s m is s io n  l i n e ,  a ls o  su p p l ied  by th e  V i r g i n i a  E l e c t r i c  and 
Power Company.
A d d i t i o n a l  subsur face  data were ob ta ined  th ro u g h  e x a m in a t i o n  o f  4 
w a te r  w e l l  logs. Water w e l l s  W-2160, W—3118, and W-4282 were logged by 
employees o f  th e  V i r g i n i a  D i v i s i o n  o f  M i n e r a l  R e s o u rc e s ,  w h i l e  w e l l  
M-4001 was logged by th e  a u th o r .
In Holocene marsh d e p o s i t s  where h ig h  f l u i d  c o n t e n t  o f  t h e  muds 
p r e v e n t e d  r e c o v e r y  o f  s a m p le s  w i t h  a hand a u g e r ,  t e n  c o re s  were 
c o l l e c t e d  using a m o d i f ie d  L i v in g s to n  p e a t  c o r i n g  d e v i c e .  The p i s t o n  
c o r i n g  c a p a b i l i t i e s  o f  t h i s  dev ice  a l lowed f o r  near con t inuous  recovery  
o f  marsh muds. However, problems were encountered w h i l e  a t t e m p t i n g  t o  
r e c o v e r  f l u i d  muds and w h i l e  a t te m p t in g  t o  p e n e t ra te  sediments w i th  a 
h igh percentage o f  sand. Data from these  marsh cores  were supp lem ented  
by I n f o r m a t i o n  o b t a in e d  f rom  n in e  marsh t h i c k n e s s  probes. With th e  
marsh cores p ro v id in g  s t r a t I g r a p h I c  c o n t r o l  f o r  t h e  Immediate v i c i n i t y .
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t h e s e  t h i c k n e s s  p ro b e s  were  c a r r i e d  o u t  by p u s h in g  a 3 . 6  m (12 f t )  
length  o f  s o l i d  stem 19 mm (0 .75 I n . )  d iameter  aluminum s t o c k  I n t o  t h e  
marsh s e d im e n t s .  The p robe  was d r iv e n  In to  th e  marsh d e p o s i t s ,  us ing 
co n s ta n t  p re ssu re ,  u n t i l  a r e fu s a l  was o b ta in e d .  Th is  maximum d e p th  o f  
p e n e t r a t i o n  r e p r e s e n t e d  s e v e r a l  c e n t im e te rs  o f  p e n e t ra t io n  In to  muddy 
sands o r  sands which were found t o  be t h e  base o f  t h e  H o lo c e n e  marsh 
d e p o s i t s  o r  t h e  to p  o f  t h e  u n d e r l y i n g  s t r a t  Igraph Ic u n i t .  Data from 
se le c te d  marsh cores and marsh th ic k n e s s  probes are presented In 
F ig u re  13.
S u b s u r f a c e  d a t a  In  t h e  s t u d y  a r e a  w e re  s u p p l e m e n t e d  by  
I n v e s t i g a t i o n  o f  n a t u r a l  and man-made o u t c r o p s .  La rge r  ou tc rops  o r  
o u tc ro p s  e x h i b i t i n g  d i a g n o s t i c  p r im a r y  s e d im e n ta r y  s t r u c t u r e s  were 
m e a s u re d  u s in g  a hand l e v e l  and Jacob s t a f f .  These s e c t i o n s  were 
descr ibed  In d e t a i l  u t i l i z i n g  those c l a s s i f i c a t i o n  sys tems p r e v i o u s l y  
d e s c r i b e d .  Bed t h i c k n e s s e s  and a t t i t u d e s  o f  c r o s s - s t r a t i  f  I c a t  Ion were 
noted,  and se le c te d  o u tc rops  o r  sedimentary fe a tu re s  were p h o to g r a p h e d .  
Data  o b t a in e d  t h r o u g h  I n v e s t i g a t i o n  o f  these  ou tc rops  are  presented as 
Measured S t r a t I g r a p h i c  Sec t ions  (Appendix 2 ) .
Laboratory Methods
For those  sediment samples c o l l e c t e d  by t h e  a u t h o r  t h r o u g h o u t  t h e  
c o u r s e  o f  t h i s  s t u d y ,  s e l e c t e d  samples  were reexam ined  and f u r t h e r  
analyzed In th e  sediment la b o ra to ry  a t  th e  V i r g i n i a  I n s t i t u t e  o f  M a r in e  
S c i e n c e .  T h e s e  a n a l y s e s  c o n s i s t e d  o f  g r a i n  s i z e  a n a l y s e s  and 
m ic rosco p ic  examinat ion  o f  sand-s ized  f r a c t i o n s .
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For th e  purpose o f  check ing th e  degree o f  accuracy o f  r o u t i n e  f i e l d  
examina t ions  and th e  a u t h o r ’ s c l a s s i f i c a t i o n  o f  sediment t y p e s ,  p e r c e n t  
g r a v e l  ( t h a t  I s ,  m a t e r i a l  c o a r s e r  than - 1 . 0  p h i ) ,  sand, s i l t  and c la y  
was determined f o r  22 randomly s e l e c t e d  s a m p le s .  F i f t y  gram samples 
w e re  o b t a i n e d  by f i r s t  p a s s in g  t h e  t o t a l  sample  t h r o u g h  a sample  
s p l i t t e r .  G r a in  s i z e  a n a l y s e s  w e re  c a r r i e d  o u t  u s i n g  s t a n d a r d  
procedures as o u t l i n e d  by Fo lk  (1974) and Carver (1971) .  Pe rcent  g rave l  
was determined by d r y - s i e v i n g  th e  sample us ing a #10 U.S. S tanda rd  Mesh 
( - 1 . 0  p h i )  s i e v e .  P e r c e n t  sand was o b t a in e d  by w e t - s i e v i n g  t h e  
r e m a i n i n g  sample  u s in g  a #230 U .S .  S ta n d a rd  Mesh ( 4 . 0  p h i )  s i e v e .  
P e r c e n t  s i l t  and pe rcen t  c la y  were both ob ta ined  by p i p e t t e  a n a ly s i s  o f  
t h e  r e m a i n i n g  sa m p le .  A t  a t e m p e r a t u r e  o f  26 d egrees  c e n t i g r a d e ,  
p i p e t t e  w i thd raw a ls  were made a t  20 seconds t o  de te rmine t o t a l  amount o f  
mud ( t h a t  i s ,  s i l t  p l u s  c l a y )  and a t  1 h o u r  48 m in u t e s  t o  d e te r m in e  
t o t a l  amount o f  c l a y  remain ing In suspens ion. Amount s i l t  was found by 
s u b t r a c t i n g  th e  amount o f  c la y  from th e  t o t a l  amount o f  mud. The amount 
o f  e a c h  g r a i n  s i z e  f r a c t i o n  was d e t e r m i n e d  by d r y - w e i g h i n g  and 
c o n v e r t in g  t o  percentages.  Samples d e v o id  o f  g r a v e l  were c l a s s i f i e d  
a c c o r d i n g  t o  t h e  G o r s l l n e  c I ass I f  I c a to n  f o r  sediment typ e  ( G o rs l l n e ,  
1960) ( F i g u r e  4 a ) .  Samples c o n t a i n i n g  more th a n  a t r a c e  o f  g r a v e l  
( 0 .0 1 /6 )  w e r e  c l a s s i f i e d  a c c o r d in g  t o  t h e  F o l k  c l a s s i f i c a t i o n  f o r  
g r a v e l l y  s e d i m e n t s  ( F o l k ,  1 9 7 4 )  ( F i g u r e  5 a ) .  U n d e r  F o l k ’ s 
c l a s s i f i c a t i o n  f o r  g r a v e l l y  sediments, th e  minimum o r  c r i t i c a l  amount o f  
g rave l  i s  de f ined  as a t r a c e  (0.01/6) because th e  p re s e n c e  o f  g r a v e l  Is  
I n d i c a t i v e  o f  maximum c u r r e n t  v e l o c i t y  combined w i th  th e  maximum g ra in
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F ig u re  4 .  Ternary  diagrams showing  a) t h e  G o r s l l n e  c l a s s i f i c a t i o n  f o r  
n o n - g r a v e l  l y  s e d im e n ts  and b) t h e  c o r re s p o n d  Ing c l a s s i f i c a t i o n  p l o t  
f o r  analyzed samples. Open c i r c l e s  In d ic a te  those samples c o n t a i n i n g  a 
t r a c e  o f  g r a v e l  ( i n c o r p o r a t e d  w i t h  sand f r a c t i o n )  w h ich  were a l s o  
c l a s s i f i e d  using th e  Fo lk  scheme.
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F i g u r e  5, T e r n a r y  d ia g ra m s  showing  a) t h e  F o lk  c l a s s i f i c a t i o n  f o r  
g r a v e l l y  sediments and b) t h e  c o r r e s p o n d  Ing c l a s s i f i c a t i o n  p l o t  f o r  
analyzed samples.
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s i z e  o f  a v a i l a b l e  d e t r i t u s .  The presence o f  g rave l  In even th e  s m a l le s t  
amount I s ,  t h e r e f o r e ,  a m a jo r  f a c t o r  In d e t e r m i n i n g  e n v i r o n m e n t  o f  
d e p o s i t i o n .  F o l k f s c l a s s i f i c a t i o n  a ls o  r e q u i re s  t h a t  p e r c e n t  s i l t  and 
p e r c e n t  c l a y  be combined and re d e f in e d  as "mud". R esu l ts  were p lo t t e d  
on t e r n a r y  diagrams (F ig u re s  4b and 5 b ) .  Tab le  2 shows 1) a summary o f  
g r a i n  s i z e  a n a l y s i s  f o r  t h e s e  s e l e c t e d  sa m p le s ,  and 2)  compar isons  
between sediment c l a s s i f i c a t i o n s  based upon r o u t i n e  f i e l d  e x a m in a t i o n s  
and la b o ra to ry  ana lyses .
U t i l i z i n g  both subsur face  and s u r f l c l a l  d a ta ,  s t r a t  I g ra p h  I c c r o s s  
s e c t i o n s  were co n s t ru c te d  t o  show l l t h o f a c l e s  r e l a t i o n s h ip s  f o r  each o f  
th e  g e o lo g ic  fo rm a t io ns  o f  t h e  s tu d y  a rea  ( F i g u r e s  7 t h r o u g h  1 2 ) .  In 
o r d e r  t o  show t h e  o f f s h o r e  t o  nearshore r e l a t i o n s h i p s  o f  l l t h o f a c l e s ,  
th e  s e c t i o n s  were l o c a t e d  as p e r p e n d I c u I a r  as p o s s i b l e  t o  a d j a c e n t  
s c a r p s  ( P l a t e  2 ) .  Based p r i m a r i l y  upon f i e l d  d e s c r i p t i o n s ,  each 
d i s t i n c t i v e  l i t h o l o g l c  u n i t  was a s s ig n e d  t o  one o f  t h e  l l t h o f a c l e s  
c l a s s i f i c a t i o n s  shown In F ig u re s  3 and 4.
A l i b r a r y  o f  sediment samples c o l l e c t e d  t h r o u g h o u t  t h e  c o u r s e  o f  
t h i s  s t u d y  has been assembled and put In to  th e  a rch ive s  o f  th e  V i r g i n i a  
I n s t i t u t e  o f  Marine Science (under th e  c a ta lo g  name "POROP") f o r  f u t u r e  
use and re fe re n c e .
RELIABILITY OF DATA
Th re e  s o u r c e s  e x i s t  f o r  d a ta  u t i l i z e d  In t h i s  s tu d y ,  namely: 1) 
data c o l l e c t e d  by th e  a u th o r ,  2) data  su p p l ied  by th e  V i r g i n i a  D i v i s i o n  
o f  M in e r a l  Resources, and 3) data su p p l ied  by th e  V i r g i n i a  E l e c t r i c  and 
Power Company. F ive  sources o f  p o t e n t i a l  e r r o r  were I d e n t i f i e d .  These 
s o u rc e s  f o r  p o t e n t i a l  e r r o r  and th e  degrees o f  e r r o r  f o r  each data s e t
have been summarized In Table 1.
Sed im e n t  samp les  no lo n g e r  e x i s t  f o r  t h o s e  e n g in e e r in g  bo r ings  
su p p l ie d  by th e  V i r g i n i a  E l e c t r i c  and Power Company, t h u s ,  I t  becomes 
n e c e s s a ry  t o  r e l y  upon t h e  g e n e r a l i z e d  s e d im e n t  c l a s s i f i c a t i o n s  and 
s ta n d a r d  p e n e t r a t i o n  t e s t s  o f  t h e  l o g s .  A l s o ,  a minimum s a m p l i n g  
I n t e r v a l  o f  1 .1  m ( 3 . 5  f t )  i m p l i e s  t h a t  p la c e m e n t  o f  l i t h o l o g l c  
b o u n d a r ie s  may be o f f  by s a id  am oun t .  E x a m in a t i o n  o f  s a m p le s  by 
g e o l o g i s t s  a t  t h e  V i r g i n i a  D i v i s i o n  o f  M i n e r a l  Resources  r e n d e r s  
sed iment c l a s s i f i c a t i o n  o f  t h e  w a te r  w e l l s  somewhat more r e l i a b l e .  
H o w e v e r ,  minimum s a m p l in g  i n t e r v a l s  o f  3 .0  m (10 f t )  I m p l i e s  t h a t  
placement l i t h o l o g l c  boundar ies  may be o f f  by s a id  amount .  When logs  
f o r  t h e  w a te r  w e l l s  and e n g i n e e r i n g  b o r i n g s  were compared t o  nearby 
ou tc rops  and auger b o r in g s ,  few s i g n i f i c a n t  d i s c r e p a n c i e s  were fo u n d .  
I n t e r p r e t a t i o n s  should no t  be made, and were n o t  made, based s o le l y  upon
data from these  e n g in e e r in g  b o r in g s  and w a te r  w e l l s ;  h ow eve r ,  t h e y  do
s e rv e  as a v a l u a b l e  s o u rc e  o f  I n f o r m a t i o n  when supplemented by more 
r e l i a b l e  data from nearby ou tc rops  and hand auger b o r in g s .
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TABLE 1
Surmary o f potential errors fo r data ir ti I Ized In th is  study.
SOURCE CF DATA
SOURCE CF 
POTENTIAL ERROR
POTENTIAL ERROR 
CROSS-CHECKED?
DEGREE CF 
POTENTIAL ERROR
Hand auger 
borings
Elevations as determined 
from topographic maps
No ± 5 feet fo r 10 foot 
contour intervals
Locations as plotted on 
1:24,000 base map
By measuring 
distances from 
known locations
± 2.5 feet per 100 feet 
of pacing distance
Sediment properties as 
described In the f ie ld
Laboratory analyses 
o f selected samples
9$ fo r primary 1 Ithotype 
14$ " M plus modifier
Placement o f litho log lc  
boundaries
No ± 6 inches
Descriptions of 
sedimentary structures 
cbscurred by auger Ing
No Cannot be quantified
Outcrops; 
measured 
sections; 
marsh cores; 
marsh probes
Elevations as determined 
from topographic maps
Nd ± 5f for 10* oontour 
Intervals; ± 2.51 for 
5' oontour Intervals
Locations as platted 
on 1:24,000 base maps
By measuring 
distances frcm 
known locations
2.5 feet per 100 feet 
of pacing distlnce
Sediment properties as 
described In the f ie ld
laboratory analyses 
o f selected samples
9$ fo r primary 1ithotype 
14$ " "  plus modifier
Warter we I Is Elevations as determined 
from topographic maps
No ± 5* fo r 10f contour 
intervals; ± 2.5* for 
5* contour intervals
Placement o f litho log lc  
boundaries
With nearby 
measured sections 
and auger borings
+ 10 feet (function 
o f sampling Interval)
Descriptions of sediment 
properties
Through ocamination 
o f col lected samples
Assumed to  be neglIgab Ie
Engineering
borings
Placement o f litho log lc  
boundaries
With nearby 
measured sections 
and auger borings
±3 .5  feet (function 
of sampling Interval)
Description o f sediment 
properties
With nearby 
measured sections 
and auger borings
Subjectively to lerant 
fo r 1 imlted-deta! 1 
applIcations
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Hand auge r  b o r i n g s  p ro v e d  t o  be a r e l i a b l e  source o f  data f o r  a l l  
aspects  o f  sediment p r o p e r t i e s  exce p t p r im a r y  s e d im e n t a r y  s t r u c t u r e s .  
In some cases I t  was p o s s ib le  t o  determ ine  we I I -deve loped bedding types 
(such as In te r l a m ln a t I o n s )  from th e  r e l a t i v e l y  u n d i s t u r b e d  c o r e  o f  t h e  
augered sample, b u t  more o f t e n  p r im ary  sed imentary  s t r u c t u r e s  cou ld  o n ly  
be I n f e r r e d .
Of t h e  22 r a n d o m ly  s e l e c t e d  samples s u b j e c t e d  t o  g r a i n  s i z e  
a n a l y s i s ,  19 o f  22 ( o r  91 p e rce n t )  were found t o  agree w i th  t h e  p r im a r y  
s e d im e n t  typ e s  o f  t h e  Fo lk  and G o rs l ln e  c l a s s i f i c a t i o n s ,  w h i l e  16 o f  22 
(o r  86 p e rcen t )  were found t o  agree w i th  both  th e  p r im ary  se d im e n t  t y p e  
and secondary m o d i f i e r s  o f  th e  c l a s s i f i c a t i o n s  (Tab le  2 ) .  These r e s u l t s  
In d i c a te  t h a t  o n - s i t e  f i e l d  c l a s s i f i c a t i o n s  o f  se d im e n t  t y p e s  w e re ,  In 
most c a s e s ,  an a c c u r a t e  r e p r e s e n t a t I  on o f  t h e  a c t u a l  sediment ty p e .
A n o th e r  a s p e c t  o f  d a ta  r e l i a b i l i t y  w h ich  I s  I n h e r e n t  t o  any 
s t r a t I g r a p h I c  s tudy Is th e  concept  o f  decreas ing r e s o lu t i o n  f o r  u n i t s  o f  
Inc reas ing  g e o lo g i c  age.  U r a n I u m - s e r I e s , c a rb o n  14, and amino a c id  
r a c e m l z a t l o n  d a t i n g  methods have b u i l t  I n t o  t h e i r  m e t h o d o lo g ie s  a 
c e r t a i n  amount o f  a n a l y t i c a l  e r r o r ,  w h ich  t r a n s l a t e s  I n t o  a range  In 
e s t i m a t e d  ages r a th e r  than a b s o lu te  ages. Thus, as the  g e o lo g ic  age o f  
a sample inceases, th e  magni tude o f  t h e  range f o r  I t s  es t imated  age a lso  
I n c r e a s e s .  Fo r  example ,  age ranges on th e  o rd e r  o f  thousands o f  years 
co u ld  be e x p e c te d  f o r  m a t e r i a l s  o f  l a t e  P l e i s t o c e n e  age,  w h i l e  age 
ra n ge s  on th e  o rd e r  o f  tens  o f  thousands o f  years cou ld  be expected f o r  
m a t e r ia l s  o f  m idd le  t o  e a r l y  P le is to c e n e  age, and so on. A l though dates 
o b t a i n e d  from th e  above methods canno t  be used In ass ig n ing  sedimentary 
u n i t s  t o  a f i x e d  o r  a b so lu te  p o in t  in t im e ,  these  methods do serve  as an 
a d d i t i o n a l  t o o l  In a s s ig n in g  o r  v e r i f y i n g  r e l a t i v e  ages o f  sedimentary
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TABLE 2
Summary o f grain size analyses showing comparisons between f ie ld  and laboratory
c lass ifica tions.
Sample
nurrber
Sediment-type 
based on f ie ld  
examination
Sediment-type determined 
by grain size analysis & 
classif ied according to :
Gorsline Folk
Reference 
nurrber for 
figures 3&4
1F 
2D 
3B:10-20 
36:20-25 
38:40-60 
6H 
X9-1 
101:0-7 
105:2-4 
205:15.5-25 
306:3.5-8 
318:56-67 
320:4.75-5.5 
331:9.5-10.5 
406:5.5-6 
424:4-4.5 
424:9-9.5 
427:9.5-10 
427:18.5-19 
427:22.5-23 
429:7.5-9.5 
431:10.5-13
sandy s i I t y  clay 
sand 
clayey sand 
sand 
grave 11y sand 
s i I t y  sandy clay 
s i I t y  clay 
clayey sand 
clayey sand 
(clayey) sand 
clayey sand 
gravelly sand 
clayey sand 
sand
(gravel ly)mdy sand 
sand 
s i I t y  sand 
s i I t y  clayey sand 
s i I t y  clay 
clayey sand 
clayey sand 
s i I t y  clay
sandy s i I t y  clay 
sand 
clayey sand 
sand
clayey sand 
sandy s i I t y  clay 
clayey sand 
clayey sand 
(s i Ity  c!ayey)sand 
clayey sand
clayey sand 
sand
si Ity  clayey said 
sand 
sand
(si lty)clayey sand 
s i I t y  clay 
clayey sand 
si Ity  clayey sand 
s i I t y  clay
(gravelly)mdy sand
gravel ly sand 
(gravelly)mdy sand
(gravel ly)mdy sand 
(mdy) sandy gravel
(gravel ly)mdy sand
(gravel ly)mdy sand
1
2
3
4
5
6
7
8 
9
10
11
12
13
14
15
16
17
18
19
20 
21 
22
( ) -  s l igh t ly  ; mdy = muddy
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u n i t s .  Bowen (1978) a p t l y  summarized t h i s  problem by s t a t i n g ,  " t h e  term  
a b s o lu te  d a t in g  Is u n s u i ta b le :  I t  Im p l ies  a degree o f  achievement h a rd ly  
c o n s i s t e n t  w i th  th e  r e a l i t i e s  o f  th e  m a j o r i t y  o f  d a t in g  methods, w h ic h ,  
In term s o f  t h e i r  p re se n t s t a tu s  may be l ikened  t o  th e  top  o f  a g i g a n t i c  
exper imenta l  Ice -b e rg ” .
O th e r  f a c t o r s  c o n t r i b u t i n g  t o  a d e c re a s e  In r e s o l u t i o n  w i th  an 
Increase In g e o lo g ic  age Inc lude  th e  e f f e c t s  o f  w e a t h e r i n g ,  w h ich  may 
u l t i m a t e l y  o b l i t e r a t e  key In te rn a l  f e a tu re s  o f  a sed imentary u n i t ,  and 
t h e  e f f e c t s  o f  e r o s io n ,  which r e s u l t  In an I n c r e a s i n g l y  d i s c o n t i n u o u s  
d i s t r i b u t i o n  o f  sed imentary  u n i t s .  The degree o f  weather ing and e ros ion  
e x h i b i t e d  by a p a r t i c u l a r  s e d im e n t a r y  u n i t  Is somet imes u s e f u l  in  
a ss ig n in g  th e  u n i t  a r e l a t i v e  age o n ly  ( t h a t  I s ,  I t  appears younger than 
u n i t  ” C" b u t  o ld e r  than u n i t  ” A” ) .
In  summary, I t  Is  I m p o r t a n t  t o  b e a r  In mind t h a t ,  because  o f  
l i m i t a t i o n s  i n h e r e n t  t o  b o th  t h e  s t r a t I  g ra ph  Ic  and g e o c h ro n o g ra p h  Ic 
r e c o r d ,  I t  becomes n e c e s s a ry  t o  speak in te rm s o f  In ce a s tn g ly  broader 
t im e  spans as one moves back t h r o u g h  t h e  g e o l o g i c  t i m e  s c a l e .  T h i s  
concep t is  I l l u s t r a t e d  in th e  Quaternary t im e  sca le  r e c e n t l y  proposed by 
th e  I n te r n a t i o n a l  Quate rnary Research Fe d e ra t io n  (G.H. Johnson, personal 
c o m m u n i c a t i o n ) .  T h i s  t i m e  s c a le  a lo n g  w i t h  t e n t a t i v e  ages o f  those 
l i t h o l o g l c  fo rm a t io ns  o f  th e  s tudy area are  shown in F ig u re  6.
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F i g u r e  6 .  P l e i s t o c e n e  t i m e  s c a l e  r e c e n t l y  p ropo se d  by I NQUA ( G . H .  
Jo h nso n ,  p e r s .  comm.) ,  w i th  t e n t a t i v e  ages o f  u n i t s  I d e n t i f i e d  In t h i s  
I n v e s t I g a t I o n .
MORPHOLOGY
The Poropotank R ive r  d ra inage  bas in  Is loca ted  In t h e  Coasta l  P la in  
p h y s i o g r a p h i c  p r o v i n c e  o f  V i r g i n i a .  L i k e  t h e  r e s t  o f  t h e  A t l a n t i c  
Coastal  P l a i n ,  th e  land s u r fa c e  o f  th e  s tudy area Is c h a r a c t e r  I zed by a 
s t a i r s t e p  t o p o g ra p h y  composed o f  a s e r i e s  o f  p l a i n s  separa ted from one 
an o the r by sca rps .  W i th in  th e  s tudy  a r e a ,  t h e  p l a i n s  s l o p e  g e n t l y  t o  
t h e  e a s t ,  bu t  a l s o  have a component o f  s lope  towards th e  York R ive r  and 
i t s  t r i b u t a r i e s .  R i v e r - w i s e  s c a r p s  p a r a l l e l  and s l o p e  t o w a r d  t h e  
P o r o p o ta n k  and Yo rk  r i v e r s ,  w h i l e  c o a s t -w is e  scarps p a r a l l e l  and s lope 
toward th e  Chesapeake Bay ( P la t e  2 ) .  P la in s  and s c a r p s  a lo n g  t h e  York  
R i v e r  can be c o r r e l a t e d  t o  more e x t e n s i v e  f e a t u r e s  a lo n g  a d jo i n i n g  
i n t e r f l u v e s  and co a s ta l  zones t o  th e  e a s t .  These p la i n s  a long t h e  York  
R i v e r  c a n ,  l i k e w i s e ,  be t ra c e d  up th e  Poropotank R ive r  and o th e r major 
stream v a l l e y s  where they  become much le s s  e x t e n s i v e  and more h i g h l y  
d i s s e c t e d .  These s m a l l  i s o l a t e d  p l a i n s  o c c u r r i n g  a long t h i r d  o rde r  
stream  v a l l e y s  w i l l  be r e f e r r e d  t o  as " b e n c h e s ”  in  t h i s  r e p o r t .  T h i s  
s tudy  has shown t h a t  I t  Is p o s s ib le  t o  c o r r e l a t e  these  benches and t h e i r  
u n d e r l y i n g  s e d im e n ts  t o  m a j o r  g e o m o r p h i c  f e a t u r e s  and g e o l o g i c  
fo rm a t io n s  a long th e  c o a s t .
The p l a i n s ,  benches and s c a r p s  o f  t h e  s t u d y  a r e a  h a ve  been 
d i s s e c t e d  by numerous stream s e x h i b i t i n g  a d e n d r i t i c  o r ,  in some cases, 
a t r e l l i s  p a tte rn  o f  d r a i n a g e .  These d r a i n a g e  sys te m s  d e ve lo p e d  by 
s t re a m  I n c i s i o n  d u r i n g  g l a c i a l  s tages  when sea leve l  was lowered. Due 
t o  th e  p r o g r e s s i v e l y  l o n g e r  l e n g t h  o f  t i m e  f o r  w h ich  t h e y  have been
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s u b j e c t e d  t o  s u b a e r i a l  e r o s i o n ,  t h e  o l d e r  g e o m o rp h lc  f e a t u r e s  a re  
I n c r e a s in g l y  more d is s e c te d .  For  example, th e  l a t e  P le is to c e n e  age Snow 
H IM  p l a i n  Is much l e s s  d i s s e c t e d  th a n  t h e  l a t e  P l i o c e n e  age Pampa 
up land.
Geomorphlc fe a tu re s  o f  th e  s tudy area can be t ra c e d  In to  a d jo in in g  
areas b u t ,  because no p u b l ished  d e t a i l e d  g e o l o g i c  maps e x i s t  f o r  t h i s  
p o r t i o n  o f  th e  M idd le  P e n in su la ,  most names a p p l ie d  t o  fe a tu re s  In t h i s  
r e p o r t  a re  used I n f o r m a l l y .  S i x  d i s t i n c t  land s u r f a c e s  and f i v e  
In te rv e n in g  scarps were I d e n t i f i e d  In t h i s  s tu d y .  T h e i r  r e l a t i o n s h i p  t o  
one ano th e r and t h e i r  c o r r e l a t i o n  t o  geomorphlc f e a t u r e s  I d e n t i f i e d  by 
p r e v i o u s  workers  In a d jo i n i n g  areas Is shown In Tab le  3. The f o l l o w in g  
d e s c r i p t i o n s  are  arranged In o rd e r  from o ld e s t  t o  y o u n g e s t  ( h i g h e s t  t o  
lowest In e l e v a t i o n ) .
The Pampa u p la n d .  I n f o r m a l l y  named f o r  t h e  com m un i ty  o f  Pampa 
( S a lu d a  7 . 5  m in u t e  q u a d ra n g le ) ,  occurs  a t  e le v a t i o n s  g re a te r  than  34 m 
(110 f t )  on t h e  low er  M i d d l e  P e n in s u l a  and Is  e a s i l y  I d e n t i f i e d  on 
t o p o g r a p h i c  maps by I t s  h i g h l y  d isse c ted  n a tu re .  The upland forms th e  
d i v i d e  between th e  York R ive r  and Rappahannock R i v e r  d r a i n a g e  b a s i n s ,  
e x t e n d in g  so u th e a s t down th e  M idd le  Pen insu la  t o  a p o in t  j u s t  southwest 
o f  P in e ro  (G lo u ces te r  7 .5  m inu te  q u a d r a n g le ) .  A maximum e l e v a t i o n  o f  
4 2 .7  m (140 f t )  f o r  t h e  u p la n d  o f  t h e  lo w e r  M i d d l e  Pen insu la  occurs  
ap p ro x im a te ly  2 .4  km ( 1 . 5  m l )  n o r t h w e s t  o f  Pampa ( S a lu d a  7 . 5  m in u t e  
q u a d r a n g l e ) .  The Pampa u p la n d  Is  u n d e r l a i n  by a com p lex  s u i t e  o f  
s e d im e n ts  I n f o r m a l l y  r e f e r r e d  t o  as t h e  B a r h a m s v l l l e  f o r m a t i o n  
( B e r q u l s t ,  1983). The Pampa upland Is e q u i v a le n t  t o  th e  Norge upland o f  
Norge 7 .5  m inu te  quadrangle  ( B e r q u l s t ,  1983) and t h e  1 2 0 - f o o t  p l a i n  o f  
th e  W i l l i a m sb u rg  7 .5  m inu te  quadrangle (B lck  and Coch, 1969).
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The S u r ry  s c a rp  was named by Wentwor+h (1 9 3 0 )  f o r  t h e  d i s t i n c t  
g e o m o rp h lc  f e a tu r e  lo ca te d  near th e  community o f  S u r ry  In S u r ry  County, 
V i r g i n i a .  The Sur ry  scarp can be t ra ce d  from  N orth  C a ro l in a  t o  a p o i n t  
s o u th  o f  t h e  James R i v e r .  However ,  n o r t h  o f  t h e  James R ive r  on th e  
Y o rk -Ja m e s  P e n i n s u l a ,  t h e  s c a rp  becomes a d i s c o n t i n u o u s  f e a t u r e .  
Northward, t h e  Surry  scarp becomes less con t inuous  and I n c r e a s in g l y  more 
d i f f i c u l t  t o  re c o g n iz e .  T h is  masking phenomena may be due t o  a change 
In t h e  n a t u r e  o f  t h e  s h o r e l i n e  from south t o  n o r th  ( t h a t  I s ,  a b a r r i e r  
Is land  versus a b a c k b a r r l e r  s h o r e l i n e )  combined w i t h  a h ig h  de g re e  o f  
e ro s lo n a l  d i s s e c t i o n .  W i th in  th e  s tudy  a rea,  th e  S u r ry  scarp Is e v id e n t  
o n ly  as a g e n t l e  Increase In s lope  and as a zone d e l i n e a te d  by a change 
In s e d im e n t  t y p e s .  The Surry  scarp separa tes  th e  Pampa upland from th e  
Ark p l a i n .  In t h e  s tudy  a rea ,  th e  Surry  scarp  ranges In e l e v a t i o n  f rom  
27 m (90 f t )  a t  t h e  to e  t o  33 .5  m (110 f t )  a t  t h e  c r e s t .  On th e  lower 
M idd le  P e n i n s u l a ,  t h e  o c e a n - w is e  S u r r y  s c a rp  t r e n d s  s o u th w e s t  f rom  
H o r n e t s  N e s t  t o  C h u r c h  H I M ,  th e n  e x te n d s  as a r i v e r - w i s e  s c a rp  
no r thwes t  up th e  York R iv e r  t o  a p o in t  no r th  o f  S h a ck le fo rd s  ( P la t e  2 ) .
The  A r k  p l a i n ,  I n f o r m a l l y  named f o r  t h e  c o m m u n i t y  o f  A r k  
(G louces te r  7 .5  m inute q u a d ra n g le ) ,  ranges In e l e v a t i o n  f rom  24 t o  30 
m (80 t o  95 f t ) .  The degree o f  d i s s e c t i o n  upon t h i s  p l a i n  is  h ig h ,  b u t  
Is less than t h a t  o f  t h e  Pampa up land. T h i s  p l a i n  c o m p r i s e s  t h e  v e r y  
broad and leve l  I n t e r f l u v e  o f  th e  York and Rappahannock r i v e r s  ex tend ing  
from th e  to e  o f  th e  S u r ry  scarp eastward t o  th e  S u f f o l k  s c a rp .  The A rk  
p l a i n  can be t ra c e d  no r thw es t  a long th e  York R ive r  where i t  occurs  as a 
nar row ,  less e x te n s iv e  p la i n  r a n g i n g  f rom  1 .2  t o  2 .4  km ( 0 . 7 5  t o  I .5 
m l )  In w i d t h .  I s o la te d  remnants o f  th e  Ark p l a i n  a ls o  o ccu r w i t h i n  th e  
v a l l e y  o f  th e  Poropotank R ive r  In th e  v i c i n i t y  o f  Adner. The A rk  p l a i n
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o f  t h i s  s t u d y  Is  e q u i v a l e n t  t o  t h e  9 0 - f o o t  p l a i n  o f  B Ic k  and Coch 
(1969) ,  th e  Lackey p la i n  o f  Johnson ( 1 9 7 2 ) ,  and t h e  M t .  Jean p l a i n  o f  
F a r r e l l  ( 1 9 7 9 ) .  I t  Is  u n d e r l a i n  by f i n e  g r a i n e d  s e d im e n ts  o f  t h e  
Windsor Formation and Is l o c a l l y  p o o r l y  d ra in e d .
The S h a c k l e f o r d s  s c a r p ,  I n f o r m a l l y  named f o r  t h e  com m un i ty  o f  
Shack le fo rds  (Shack l e f o r d s  7 . 5  m in u t e  q u a d r a n g l e ) ,  t r e n d s  n o r t h w e s t -  
s o u t h e a s t  f a c in g  th e  York R iv e r .  The scarp ranges In e le v a t i o n  from 21 
m (68 f t )  a t  th e  to e  t o  24 .4  m (80 f t )  a t  th e  c r e s t ,  and s e p a r a t e s  t h e  
A r k  p l a i n  f r o m  t h e  Snow HI I I p l a i n .  The  S h a c k l e f o r d s  s c a rp  Is  
d ls c e rn a b le  from S h a ck le fo rd s  t o  G r e s s l t t ,  bu t  becomes d is c o n t in u o u s  and 
le s s  d i s t i n g u i s h a b l e  t o  t h e  s o u th e as t .  I t  Is t r u n c a te d  by th e  S u f f o l k  
scarp In th e  v i c i n i t y  o f  Whi te  Marsh (C lay Bank 7 .5  m inu te  q u a d r a n g l e ) .  
In th e  area south  o f  th e  Poropotank R iv e r ,  th e  S h a ck le fo rd s  scarp Is no t  
p resen t  as a separa te  d i s t i n c t  f e a t u r e ,  having been occupied and e roded  
by t h e  C la y  Bank s c a r p  d u r i n g  a l a t e r  h ig h  s ta n d  In sea l e v e l .  The 
S h a c k l e f o r d s  s c a rp  Is  e q u i v a l e n t  t o  an unnamed s c a r p  o c c u p y i n g  
a p p r o x i m a t e l y  t h e  same ra n g e  In e le v a t i o n  on th e  York-James Pen insu la  
descr ibed  by Johnson (1972, p. 8 - 9 ) .
The Snow HI I I p l a i n ,  I n f o r m a l  l y  named f o r  th e  community o f  Snow 
H i l l  (S h a ck le fo rd s  7 .5  m inu te  q u ad rang le ) ,  ranges in e l e v a t i o n  f rom  17 
t o  21 m (55 t o  70 f t ) .  The p la i n  t r e n d s  n o r th w e s t -s o u th e a s t  a long th e  
York R ive r  and Is most e x te n s iv e  n o r th  o f  th e  P o ro po tan k  R i v e r .  South  
o f  t h e  P o ro p o ta n k  R i v e r ,  t h i s  p l a i n  o c c u rs  as less e x te n s iv e  benches 
p r i n c i p a l l y  near th e  mouths o f  m a jo r  s t re a m  v a l l e y s .  Absence o f  t h e  
Snow H I M  p l a i n  In a re a s  s o u th  o f  th e  Poropotank can be a t t r i b u t e d  t o  
e r o s i o n  d u r i n g  some l a t e r  sea l e v e l  r i s e .  The Snow H I M  p l a i n  I s  
le s s  d i s s e c t e d  th a n  t h e  o l d e r  and h ig h e r  Ark p l a i n ,  e s p e c i a l l y  in th e
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a re a s  a round  Snow H i l l ,  H o c k l e y ,  and G r e s s l + t .  S c a t t e r e d  b e n c h e s  
e q u iv a le n t  t o  t h i s  p l a i n  a re  found In th e  v a l l e y  o f  th e  Poropotank R ive r  
as f a r  upstream  as Adner. The Snow H IM  p l a i n  and e q u i v a l e n t  benches 
s l o p e  g e n t l y  towards th e  York R ive r  and I t s  t r i b u t a r i e s .  T h is  p l a i n  Is 
e q u i v a l e n t  t o  t h e  7 0 - f o o t  p l a i n  o f  B Ic k  and Coch (1969 )  and t o  t h e  
G r a f t o n  p l a i n  o f  Johnson ( 1 9 7 2 ) .  The Snow H IM  p la in  Is u n d e r la in  by 
f i n e  g ra ined  sediments o f  t h e  Chuckatuck fo rm a t io n .
The C la y  Bank sca rp ,  named fo r  th e  community o f  C lay Bank (Johnson 
and o th e r s ,  1980), Is  th e  most p rominent  geom orphlc f e a t u r e  w i t h i n  t h e
study  a rea ,  r i s i n g  In e le v a t i o n  from 14 m (45 f t )  a t  th e  to e  t o  20 m (65
f t )  a t  th e  c r e s t  In le s s  t h a n  0 .5  km ( 0 . 3  m l ) .  I t  t r e n d s  n o r t h w e s t -  
s o u t h e a s t  a long th e  York R ive r  and merges w i th  th e  S u f f o l k  scarp In th e  
v i c i n i t y  o f  White Marsh (C lay  Bank 7 .5  m inute  quadrang le ) .  I t  separa tes 
t h e  Snow H I M  p l a i n  from th e  AI Imondsv I I  le  p l a i n .  The CI ay Bank scarp 
can be t r a c e d  s e v e r a l  k l  l o m e t e r s  up t h e  P o r o p o t a n k  R i v e r  as a 
d i s c o n t i n u o u s ,  l e s s  p r o m i n e n t  f e a t u r e .  Where the  Clay Bank scarp has 
occupied and eroded th e  o ld e r  S hack le fo rds  scarp south o f  th e  Poropotank 
R i v e r  and where I t  has been occup ied  and eroded by th e  younger Barren 
P o in t  scarp no r th  o f  t h e  Poropotank R iv e r ,  th e  r e s u l t i n g  composi te  scarp 
r i s e s  from 14 t o  23 m (45 t o  75 f t )  and from 5 .5  t o  20 m (18 t o  65 f t ) ,  
r e s p e c t i v e l y .  The C lay  Bank scarp Is a f  I uv la I - e s t u a r  I ne e x t e n s i o n  o f  
t h e  c o a s t a l  S u f f o l k  s c a r p .  The C la y  Bank scarp Is e q u iv a le n t  t o  th e  
K ln g s m l l l  scarp o f  BIck and Coch ( 1 9 6 9 ) ,  Johnson ( I 9 7 2 )  and B e r q u l s t
( 1 9 8 3 ) ,  t h e  Peary scarp o f  B Ick  and Coch (1969) and Johnson (1972 ) ,  and
th e  I r v i n g to n  scarp o f  F a r r e l l  (1979) .
The A l l m o n d s v l l l e  p l a i n ,  I n f o r m a l l y  named f o r  t h e  community o f  
A l lm o n d s v l l l e  ( G r e s s l t t  7 .5  m inu te  q u ad ra n g le ) ,  ranges In e le v a t i o n  from
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9 t o  14 m (30 t o  45 f t )  and t r e n d s  n o rth w e s t-s o u th e a s t a long th e  York 
R iv e r .  The p la i n  a t t a i n s  a minimum w id th  o f  0 . 3  km ( 0 . 2  m l )  n o r t h  o f  
t h e  P o r o p o ta n k  R i v e r  and becomes w ider  south  o f  t h e  Poropotank R iv e r ,  
a t t a i n i n g  a w id th  o f  n e a r l y  3 .2  km (2 ml) In th e  sou the rn  p o r t i o n  o f  th e  
s tu d y  a r e a .  Small  I s o l a t e d  benches e q u i v a l e n t  t o  th e  A l lm o n d s v l l l e  
p la i n  are found up th e  Poropotank R ive r  v a l l e y  f o r  most o f  I t s  l e n g th  
and a l s o  o c c u r  up s m a l l e r  f o u r t h  o rd e r  t r i b u t a r i e s ,  such as Woods M i l l  
Swamp. The A l l m o n d s v l l l e  p l a i n  and e q u i v a l e n t  benches s l o p e  g e n t l y  
to w a rd s  t h e  York R ive r  and i t s  t r i b u t a r i e s .  I t  Is e q u iv a le n t  t o  th e  45 
fo o t  p l a i n  o f  BIck and Coch (1969) ,  th e  Weems p l a i n  o f  F a r r e l l  ( 1 9 7 9 ) ,  
and t h e  H u n t i n g t o n  f l a t  o f  Coch ( 1 9 7 1 ) ,  Johnson ( I 9 7 2 ,  1 9 7 6 ) ,  and 
B e r q u l s t  (1983) .  The A l l m o n d s v l l l e  p l a i n  and e q u i v a l e n t  benches a re  
u n d e r la in  by f i n e  g ra in e d  sediments o f  t h e  S h i r l e y  fo rm a t io n .
The Barren P o in t  sca rp ,  I n f o r m a l l y  named f o r  th e  l o c a l i t y  o f  Barren 
P o i n t  ( G r e s s l t t  7 . 5  m in u t e  q u a d r a n g l e ) ,  t r e n d s  f rom  B a r re n  P o i n t  
no r thwes t  t o  th e  Hockley Creek area In a broad a r c .  The scarp ranges In 
e l e v a t i o n  from  5 .5  m (18 f t )  a t  th e  to e  to  more than 9 m (30 f t )  a t  th e  
c r e s t  and separa tes  th e  AI Imondsvl l i e  p l a i n  f ro m  t h e  Be I I ev I ew p l a i n .  
The Barren P o in t  scarp Is less d ls c e r n a b le  n o r th  o f  th e  Poropotank R ive r  
where I t  occupied and e ro de d  t h e  o l d e r  C la y  Bank s c a r p .  The B a r re n  
P o in t  scarp can be t ra c e d  o n ly  a s h o r t  d is ta n c e  up t h e  Poropotank R iv e r ,  
and Is  d i f f i c u l t  t o  d i s t i n g u i s h  f ro m  v a l l e y  w a l l s  t h a t  h a v e  been  
s te e p e ne d  by bank e ro s io n  o r  b lanke ted  by c o l l u v l u m .  The Barren P o in t  
scarp  Is e q u i v a le n t  t o  th e  Big B e the l scarp  o f  Johnson (1972, 1976), th e  
K i l m a r n o c k  s c a r p  o f  F a r r e l l  ( 1 9 7 9 ) ,  and t h e  C h lc k a h o m ln y  s c a r p  o f  
B e rq u Is t  (1983) .
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The B e l le v J e w  p l a i n  form s a broad r e l a t i v e l y  und lssec ted  c re s c e n t 
near th e  mouth o f  th e  Poropotank R iv e r ,  rang ing  In e l e v a t i o n  f rom  3 t o
5 .5  m (10 t o  18 f t ) .  The Bel lev lew p la i n  s lopes ve ry  g e n t l y  toward th e  
York R iv e r ,  and e x h i b i t s  a s c r o l l  t o p o g r a p h y  n o r t h  o f  t h e  P o ro p o ta n k  
R i v e r .  S e v e ra l  s m a l l  benches e q u i v a le n t  t o  t h i s  p l a i n  occu r a long th e  
Poropotank R ive r  b u t  a re ,  f o r  t h e  most p a r t ,  obscured by c o l l u v l u m  f rom  
above and a l l u v i u m  o f  t h e  f l o o d  p l a i n  o f  t h e  Po ropo tank  R iv e r .  The 
Bel lev  lew p la i n  Is e q u iv a le n t  t o  th e  Hampton f l a t  o f  Johnson (1972) ,  th e  
F l e e t s  Bay p l a i n  o f  F a r r e l l  (1979 )  and t h e  D an c in g  P o i n t  f l a t  o f  
B e r q u l s t  (1983) .  The B e l l e v l e w  p l a i n  Is  u n d e r l a i n  by t h e  Lynnhaven 
Member o f  th e  Tabb Format ion .
An I n d i s t i n c t  geomorphic boundary t r e n d s  from Pur tan Bay n o r t h w e s t  
t o  th e  community o f  B e l le v le w .  In l o c a l i t i e s  where t h e  boundary Is more 
d i s t i n c t ,  I t  ranges In e l e v a t i o n  f ro m  1 .2  m (4 f t )  a t  t h e  t o e  t o  3 m 
(10 f t )  a t  th e  c r e s t .  T h is  geom orphlc boundary separa tes  th e  B e l le v lew  
p la i n  from th e  P u r ta n  I s l a n d  r i d g e  and s w a le  a r e a .  The t o e  o f  t h i s  
b o u n d a ry  Is  b l a n k e t e d  w i th  Holocene marsh d e p o s i t s .  I t  Is most e a s i l y  
recogn ized a long P u r ta n  I s l a n d  and between S t a t e  Rou tes  667 and 6 0 1 
n o r t h  o f  t h e  P o ro p o ta n k  R iv e r .  T h is  geom orphlc boundary Is e q u iv a le n t  
t o  an I n d i s t i n c t  morpho log ic  boundary descr ibed  by Johnson ( I9 7 2 ,  p. 7 ) .
The P u r ta n  I s l a n d  r i d g e  and swale area Is th e  lowest land s u r fa ce  
encountered In t h i s  s tu d y ,  rang ing  In e le v a t i o n  from 0 t o  2 .4  m (0 t o  8 
f t ) .  The P u r ta n  I s l a n d  r i d g e  and sw a le  a re a  b o r d e r s  th e  York R iver  
and th e  lower Poropotank R ive r  where I t  is  a p p r o x im a t e l y  1 .6  km (1 m l)  
w id e .  The s u r f a c e  o f  t h i s  a re a  Is c h a ra c te r i z e d  by a r i d g e  and swale 
to p o g ra p h y . The sandy r i d g e s  a re  a p p ro x im a te ly  p a r a l l e l  and tre n d
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n o rth  45 degrees w es t. The r i d g e s  va ry  In leng th  from  60 to  1300 m (200 
t o  4200 f t ) ,  and r i s e  0 . 6  t o  2 m (2  t o  6 f t )  above t h e  I n t e r v e n i n g  
swales. The r id g e s  a re  u n d e r la in  by sands o f  th e  Poquoson Member o f  th e  
Tabb F o r m a t i o n ,  w h i l e  t h e  s w a le s  a r e  f i l l e d  w i t h  H o l o c e n e  m a rs h  
d e p o s i t s .  The r id g e s  are  a ls o  c h a r a c te r i z e d  by a change in v e g e ta t io n , 
which can be d e l in e a te d  us ing  I n f r a r e d  im agery. The P urtan  Is la n d  r i d g e  
and sw a le  area Is e q u i v a le n t  t o  th e  M u lbe r ry  Is land  and P lumtree  Is land  
tro u g h  and r i d g e  areas o f  Johnson ( I 9 7 2 ) .
STRATIGRAPHY
S t r a t  [graph ic  u n i t s  rang ing  In age f ro m  l a t e  M iocene  t o  H o lo c e n e  
a re  exposed w i t h i n  t h e  d r a in a g e  bas in  o f  t h e  Poropotank R ive r  (F ig u re  
7 and P la te  3 ) .  The l a t e  Miocene age E a s t o v e r  F o r m a t i o n  and e a r l y  t o  
m i d d l e  P l i o c e n e  age Y o rk to w n  Formation a re  exposed a long th e  w a l l s  o f  
deeply  I n c i s e d  s t re a m  v a l l e y s .  The l a t e  P l i o c e n e  age B a r h a m s v l l l e  
f o r m a t i o n  ( I n f o r m a l l y  named by B e r q u i s t ,  1983) d I sconformab I y o v e r l i e s  
th e  Yorktown Formation in t h e  s t u d y  a r e a .  I t  c r o p s  o u t  o v e r  a l a r g e  
p o r t i o n  o f  t h e  s t u d y  a r e a ,  p r i n c i p a l l y  as t h e  s u r f l c l a l  u n i t  o f  th e  
Pampa up land.  The Windsor,  C h u c k a tu c k ,  S h i r l e y ,  and Tabb f o r m a t i o n s  
ra n ge  In age f rom  e a r l y  t o  l a t e  P l e i s t o c e n e .  These f o r m a t i o n s  a re  
recogn ized and d e f ined  on th e  b a s is  o f  t h e i r  b o u n d in g  d I s c o n fo r m  111 es 
and a r e ,  t h u s ,  te rm ed  ” aI I o s t r a t I g r a p h I c  fo r m a t io n s ”  (Nor th  American 
Commiss ion on S t r a t I  g ra ph  Ic  N o m e n c la t u r e ,  1 9 8 3 ) .  The P l e i s t o c e n e  
f o r m a t i o n s  o f  t h i s  s t u d y  dI s c o n f o r m a b I y  o v e r l i e  t h e  T e r t i a r y  age 
Eas tove r ,  Yorktown, and B a rh a m sv l l le  f o r m a t i o n s .  They u n d e r l i e  b road  
p l a i n s  a lo n g  t h e  I n t e r f l u v e  o f  t h e  M idd le  P en insu la  and s m a l le r  p la i n s  
and benches a long th e  York R ive r  and I t s  t r i b u t a r i e s .  P le is to c e n e  u n i t s  
w i t h i n  t h e  s t u d y  a re a  a r e ,  f o r  t h e  most  p a r t ,  d i s c o n t i n u o u s  and,  
t h e r e f o r e ,  canno t be l a t e r a l l y  t ra ce d  t o  t y p e  a r e a s .  C o r r e l a t i o n s  o f  
P l e i s t o c e n e  u n i t s  p resen ted  In t h i s  r e p o r t  a re  based upon m orpho log ica l  
and l l t h o l o g i c a l  s i m i l a r i t i e s  and a re ,  t h u s ,  l a r g e l y  t e n t a t i v e  ( T a b le  
4 ) .  H o lo c e n e  d e p o s i t s  occur upon th e  broad lo w - l y in g  p la i n s  b o rd e r in g  
th e  York R iv e r ,  a long th e  f l o o d  p la i n  o f  t h e  Poropotank R ive r  and m a jo r
39
40
O o
C\J
O
O o00 o<£> OST
<
Q_
X
UJ
to
to
o
C l
03-o
03
c .03OO
I_1
iC
JT>
LT
_Q
JD
2
c
C
03 ■o
o > 03to O H—o _C 03
r3 CC CT>
o * cr TD
o 03
CL _ l CO
X  UJd q q D i
Cl —
c
o
o
.1  E
O *2
E o^zs— 4—
0 3  - g  
l-  3
'sz -C 
CO o
c:
o
o
E
i_
o
u_
otoT?
CT
o
o
E
>to
Eo
c
o
o
E
o
t i ­
er
5
o
o o o
CQ >  L ii
n  ^  to o  ^  7° i'T
O O O O O O O I - I - I -
indistinct
geomorphic
boundary
Barren Point scarp
Clay Bank scarp
Shacklefords scarp
Surry scarp
o oro OCM
Fi
gu
re
 
7.
 
Th
e 
ge
om
or
ph
ic 
an
d 
st
ra
tlg
ra
ph
lc
 
fra
m
ew
or
k 
of 
the
 
Po
ro
po
ta
nk
 
Ri
ve
r 
dr
ai
na
ge
 
ba
si
n.
TA
BLE
 
4
Te
nt
at
ive
 
co
rre
la
tio
ns
 
of 
str
ar
f 
I g
ra
ph
ic 
un
its
 
of 
th
is 
stu
dy
 
to 
un
its
 
of 
pr
ev
iou
s 
st
ud
ie
s.
41
In 
pa
rt
42
s t r e a m s ,  and o f f s h o r e  In t h e  York  R i v e r  and low e r  Poropotank R iv e r .  
Such d e p o s i t s  In c lu de  beach, dune, marsh, and a l l u v i a l  sed iments .  For  a 
d e t a i l e d  p re s e n ta t io n  o f  t h e  d i s t r i b u t i o n  o f  s u r f l c l a l  sed im ents w i t h i n  
th e  Poropotank R ive r  d ra inage  bas in  and a d jo i n i n g  a rea ,  see P la te  3 .
Miocene S eries  
Eastover Formation
S e d im e n ts  p r e v i o u s l y  assigned t o  th e  V i r g i n i a  S t .  Marys Form ation  
were renamed th e  E a s to v e r  F o r m a t i o n  by Ward and B l a c k w e l d e r  ( 1 9 8 0 ) .  
A l though  th e  fo rm a t io n  was I n i t i a l l y  de f ine d  b lo s t r a t I g r a p h l e a  I l y ,  th e re  
Is now re g io n a l  l l t h o l o g l c  c r i t e r i a  w h ich  lend  t o  I t s  v a l i d i t y  as a 
g e o l o g i c  f o r m a t i o n  (N e w e l l  and R a d e r , 1982; G.H. Joh nso n ,  p e r s o n a l  
communica t ion) .  Sediments com pr is ing  th e  E astove r Form ation  were, p r i o r  
t o  1 9 8 0 ,  r e p o r t e d  t o  be e q u i v a l e n t  t o  t h e  S t .  Marys F o r m a t i o n  o f  
sou the rn  Maryland ( S h a t t u c k ,  1902 ) .  A number o f  I n v e s t i g a t o r s  have 
d e s c r i b e d  and mapped t h i s  f o r m a t i o n  (as  t h e  S t .  Marys Format ion)  In 
so u th e as te rn  V i r g i n i a  (M a n s f ie ld ,  1943; C ederstrom , 1957; B ick  and Coch, 
1969).
Because t h e  base o f  t h e  E a s to v e r  F o r m a t i o n  Is nowhere exposed 
w i t h i n  t h e  s t u d y  a r e a ,  and due t o  th e  l im i t e d  amount o f  deep we l l  data  
In t h i s  p o r t i o n  o f  th e  M idd le  P e n in s u la ,  a d e t a i l e d  I n t e r p r e t a t i o n  o f  
t h e  r e l a t i o n s h i p  o f  t h i s  u n i t  t o  o l d e r  u n d e r l y i n g  u n i t s  o f  t h e  
Chesapeake Group Is  beyond th e  scope o f  t h i s  s tu d y .  Data o b t a in e d  f rom  
t h r e e  w a te r  w e l l s  w i t h i n  t h e  s tudy  a rea ,  C eders trom ’ s I n v e s t i g a t i o n  on
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t h e  Y o rk -Ja m e s  P e n in s u l a  ( 1 9 5 7 ) ,  Ward and B I a c k w e I d e r  1 s r e g i o n a l  
I n v e s t i g a t i o n  ( 1 9 8 0 ) ,  and s e v e ra l  U.S. G eo log ica l  Survey w e l l s  t o  th e  
n o rth  (W .L .Newe l l ,  personal communicat ion)  p la c e  t h e  low er  c o n t a c t  o f  
t h e  E a s to v e r  Formation below p re se n t sea leve l  In th e  a rea .  Newel l and 
R a d e r  ( I 9 8 2 )  o f f e r  o n e  p o s s i b l e  I n t e r p r e t a t i o n  f o r  r e g i o n a l  
r e l a t i o n s h i p s  among u n i t s  o f  t h e  Chesapeake Group. The c o n ta c t between 
th e  E astove r Formation and t h e  o v e r l y i n g  Y o rk to w n  F o r m a t i o n  has been 
I n t e r p r e t t e d  as bo th  conformab le  (C la rk  and M i l l e r ,  I906, I 9 I2 ;  BIck and 
Coch, 1969) and unconformabIe ( M a n s f ie ld ,  1943; G.H. Johnson ,  p e r s o n a l  
c o m m u n i c a t i o n ) .  The  c o n t a c t  b e tw e e n  t h e  E a s to v e r  and Y o rk to w n  
f o r m a t i o n s  has been b I o s t r a t I  g ra ph  I c a I  Iy  d e f i n e d  as t h e  u p p e r m o s t  
o c c u r r e n c e  o f  t h e  mol l u s k  I s o g  nomon max I I I a t a . A l t h o u g h  I t  Is  
In a d v isa b le  t o  r e l y  upon b l o s t r a t I g r a p h I c  c r i t e r i a  a lo n e ,  In areas where 
no d i s t i n c t  d i f f e r e n c e  In l l t h o l o g l e s  e x i s t s  ( B e r q u l s t ,  1983), I t  may be 
necessary to  d e f i n e  u n i t s  u s in g  b l o s t r a t I g r a p h I c  means. A b u r ro w e d  
c o n ta c t between a b l u i s h - g r a y  compact sandy c la y e y  s i l t  and an o v e r l y i n g  
y e l l o w i s h - b r o w n  s i l t y  sand o c c u r s  a t  an e l e v a t i o n  o f  5 .5  m (18 f t )  
w i t h i n  t h e  s t u d y  a r e a .  T h is  has been I n t e r p r e t t e d  by th e  a u th o r to  be 
th e  c o n t a c t  between t h e  E a s to v e r  and Y o rk to w n  f o r m a t i o n s .  S i m i l a r  
e l e v a t i o n s  f o r  t h i s  c o n t a c t  have been re p o r te d  by Johnson and o th e rs  
(1980) and by C.R. B e r q u l s t  (persona l  communicat ion)  f o r  exposures a long 
t h e  b l u f f s  o f  t h e  York R ive r  S ta te  Park ; and by BIck and Coch (1969) In 
th e  W i l l ia m sb u rg  quadrang le .  Only one l o c a l i t y  b e a r ing  b l o s t r a t I g r a p h I c  
e v id e n c e  f o r  t h e  c o n t a c t  between th e  E astover and Yorktown fo rm a t io ns  
was found by th e  a u th o r .  T h is  l o c a l i t y  Is  In t h e  m i l l  r a c e  a t  B u rke s  
Pond 11 km (7 m l)  t o  t h e  e a s t  o f  t h e  s tudy area (C lay  Bank 7 .5  m inu te  
q u ad ra n g le ) .  A t  t h i s  down-dIp  l o c a l i t y ,  f o s s I  I I f e r o u s  sands b e a r i n g
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1sognomon maxi I 1a ta  a re  exposed 0 .3  m (1 f t )  above th e  stream  bed, o r  a t  
1 .5 t o  3 m (5 t o  10 f t )  e l e v a t i o n .  These sands a re  o v e r l a i n  by h i g h l y  
f o s s i l  I f e r o u s  sands d e v o id  o f  I sognomon. L o c a l l y ,  where th e  Yorktown 
Form ation  has been removed th ro u g h  e r o s i o n ,  t h e  E a s to v e r  F o r m a t io n  Is 
o v e r l a i n  by d e p o s i ts  o f  P le is t o c e n e  age.
W i t h i n  t h e  s t u d y  a r e a ,  t h e  E a s t o v e r  F o r m a t i o n  c o n s i s t s  o f  
I n t e r c a l a t e d  b l u i s h - g r a y  t o  g re e n  I s h - g r a y  s i l t y  f i n e  s a n d s ,  h ig h l y  
f o s s l I  I f e ro u s  f i n e  sands, and compact sandy c laye y  s i l t s .  The sands o f  
t h e  E a s to v e r  F o r m a t i o n  a r e  v e r y  f i n e  t o  f i n e  g r a i n e d ,  w e l l  s o r te d ,  
subangular  t o  rounded, and q u a r tzose .  The sandy u n i t s  l o c a l l y  c o n t a i n  
a p p r o x i m a t e l y  2 p e r c e n t  g la u c o n i t e  and t r a c e  amounts o f  heavy m ine ra ls  
and m ic a .  The s i l t y  l i t h o l o g i e s  a r e  commonly more g l a u c o n i t i c  and 
m icaceous  (up  t o  5 p e r c e n t ) ,  and c o n ta in  aggregates o f  m inute  euhedral 
p y r l t e  c r y s t a l s .  L i m i t e d  e x p o s u re s  o f  f o s s I  I I f e r o u s  s e d im e n ts  and 
f r a g m e n t a t i o n  o f  s h e l l  f o s s i l s  by th e  hand auger p revented  any d e ta i l e d  
d e s c r i p t i o n  o f  E a s to v e r  f a u n a !  assem blages  In t h i s  s t u d y ;  however ,
I sognomon max 1 I I a t a  , C he sa p e c te n  ml dd I esexens I s f In r .  t t e l  .l fl f iLeb 1 a 
car  i n a t a f MercenarI a s p . ,  Ecpbora s p . ,  Ba1 anus s p . ,  and g la u c o n l z e d  
fo ram  t e s t s  were o b se rve d .  Based p r i m a r i l y  on d e t a i l e d  I n v e s t i g a t i o n s  
o f  th e  fauna (C la rk  and M i l l e r ,  1912; Gardner, 1943; McLean, 1966; Ward 
and B l a c k w e l d e r ,  1 9 8 0 ) ,  t h e  E a s to v e r  F o rm a t io n  Is  c o n s id e r e d  t o  be 
marine in o r i g i n  and Is ass igned a l a te  Miocene age.
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Pliocene S eries  
York town Formation
The Y o rk to w n  F o r m a t io n  was named by C l a r k  and M i l l e r  (1906) f o r  
exposures o f  s h e l l y  sands and c la y s  a long b l u f f s  o f  th e  York R i v e r  near  
York+ow n,  V i r g i n i a .  The Yorktown Form ation  Is abundan t ly  f o s s i I  I f e ro u s  
and a number o f  s tu d ie s  have a ttem pted  to  s u b d iv id e  t h e  f o r m a t i o n  I n t o  
fa u n a l  zones ( M a n s f i e l d ,  1 9 43 ) ,  f a c i e s  ( J o h n s o n ,  1972), and members 
(Ward and B lackw e lde r ,  1980). More r e c e n t l y ,  s e v e ra l  d e t a i l e d  s t u d i e s  
have been p e r fo rm e d  w h ich  d i s c u s s  t h e  o r i g i n ,  re g io n a l  c o n f i g u r a t i o n ,  
and re g io n a l  f a c i e s  r e l a t i o n s h i p s  o f  t h e  Yorktown Form ation  (N e w e l l  and 
Rader, 1982; Johnson and Peebles, 1983).
In V i r g i n i a ,  th e  Yorktown F o r m a t i o n  o c c u r s  as a wedge o f  m a r in e  
s e d im e n ts  t h a t  t h i c k e n  t o  th e  e a s t and so u th e a s t .  These sedim ents t h i n  
t o  a fe a th e r-e d g e  a t  th e  F a l l  L in e ,  o v e r la p p in g  o ld e r  T e r t i a r y  u n i t s  and 
c r y s t a l l i n e  rocks o f  t h e  Piedmont.  The Yorktown Format ion ,  as I n i t i a l l y  
d e f i n e d ,  r e f e r s  t o  a sequence  o f  f o s s I  I I f e r o u s  open m a r in e  ( s h e l f )  
s e d im e n ts .  More re c e n t re g io n a l  s tu d ie s  have led some In v e s t i g a to r s  t o  
r e v is e  t h e  Y o rk to w n  F o r m a t i o n ,  I n c l u d i n g  w i t h i n  I t  a h e te r o g e n e o u s  
assemblage o f  nearshore  mar ine ,  d e l t a i c ,  e s tu a r ln e  and f l u v i a l  sediments 
(Newel l and Rader, 1982). For th e  purpose o f  t h i s  s tu d y ,  t h e  a u th o r has 
a p p l i e d  t h e  more r e s t r i c t e d  d e f i n i t i o n  o f  t h e  York town Form ation  to  
Inc lude  o n ly  th o se  foss  I 11 fe rous  u n i t s  o f  o f f s h o r e  m a r in e  o r i g i n .  The 
com p lex  s u i t e  o f  o v e r l y i n g  sedim ents e q u i v a le n t  t o  th e  "Yorktow n I I ”  o f  
Newel l  and R a d e r  ( 1 9 8 2 )  w i l l  be I n f o r m a l l y  r e f e r r e d  t o  as t h e
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B a r h a m s v M I e  f o r m a t i o n  t h r o u g h o u t  t h i s  r e p o r t .  Based p r i m a r i l y  upon 
m lc ro p a le o n to lo g l c a l  e v id e n ce ,  t h e  Y o rk to w n  F o r m a t i o n  Is  a s s ig n e d  an 
e a r l y  P l i o c e n e  age (A ke rs ,  1972) t o  m idd le  P l io c e n e  age (G.H. Johnson, 
personal communica t ion) .
As s t a t e d  In t h e  p r e v i o u s  s e c t i o n ,  most s tu d ie s  have de f ine d  th e  
c o n ta c t  between th e  Eastover and Yorktown f o r m a t i o n s  as t h e  uppe rm o s t  
o c c u r r e n c e  o f  t h e  mol lusk Isognomon maxi I l a t a . Dur ing t h i s  s tu d y ,  one 
such b l o s t r a t I g r a p h I c  c o n ta c t  was found a t  Burkes Pond on th e  C la y  Bank
7 . 5  m in u t e  quadrang le .  W i th in  th e  s tudy a re a ,  th e  lower c o n ta c t  o f  th e  
Yorktown Formation Is a burrowed ho r izon  s e p a ra t in g  Yorktown sands f rom  
Eastover s i l t y  c l a y s .  However, l o c a l i t i e s  have been mapped updlp and t o  
th e  south where a pebble and bone lag d e p o s i t  s e p a r a t e s  t h e  Yo rk tow n  
F o rm a t io n  f rom  t h e  u n d e r l y i n g  E a s to v e r  F o r m a t i o n  (Newel l  and Rader, 
I982; G.H. Johnson, personal communica t ion) .  W i th in  th e  s tudy a rea,  th e  
upper  c o n t a c t  o f  t h e  Y o rk to w n  Formation is  d e f in e d  as a d I s c o n fo rm l ty  
marking th e  upwardmost occu r rence  o f  g l a u c o n i t i c  m a r in e  sa n d s ,  s h e l l y  
sands and sandy conqu lna .  In p la ce s ,  t h i s  upper d IsconformabIe  c o n ta c t  
Is marked by a 1 t o  1 .5 m (3 t o  5 f t )  laye r  o f  dark brown c l a y  and sandy 
c l a y  de r ived  from d i s s o l u t i o n  and compact ion o f  Yorktown s h e l l s  beds.
W i th in  th e  Poropotank R ive r  d ra inage  b a s in ,  th e  Yorktown F o r m a t i o n  
ou tc rops  a long th e  w a l l s  and on th e  f l o o r s  o f  most major  stream v a l l e y s .  
I t  Is d I scon fo rm ab Iy  o v e r l a i n  by t h e  l a t e  P l i o c e n e  age B a r h a m s v l l l e  
f o r m a t i o n  o r  by P l e i s t o c e n e  d e p o s i t s .  In p laces  a long th e  York R iv e r ,  
th e  Yorktown Format ion  was removed by e ro s io n  p r i o r  t o  d e p o s i t i o n  o f  th e  
P l e i s t o c e n e  age S h i r l e y  and Tabb fo rm a t io n s  (F ig u re s  11 and 1 2 ) .  Where 
d i r e c t l y  o v e r l a i n  by th e  B a rh a m sv l l le  f o r m a t i o n ,  t h e  uppe r  c o n t a c t  o f  
t h e  Yorktown Formation Is  c h a r a c te r i z e d  by a g e n t l e ,  I r r e g u l a r  e ro s lo n a l
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s u r f a c e .  W i+ h ln  t h e  s t u d y  a r e a ,  t h e  Y o rk to w n  o c c u r s  a t  a m in im um  
e l e v a t i o n  o f  5 .5  m (18 f t )  and a maximum e l e v a t i o n  o f  20 m (66 f t ) .  
A l though t h e  Yorktown Formation Is r e p o r t e d  t o  50 m (160 f t )  t h i c k  t o  
t h e  e a s t ,  a maximum t h i c k n e s s  o f  15 m (48 f t )  was measured w i t h i n  th e  
s tudy  a rea.
Three f a c ie s  o f  th e  Yorktown Formation were I d e n t i f i e d  In th e  s tudy 
a rea .  The most  commonly e n c o u n te re d  f a c i e s  Is  a ye I I o w I s h - g r a y  t o  
b l u i s h - g r a y  s i l t y  f i n e  sand. Th is  sand Is ve ry  f i n e -  t o  f i n e - g r a i n e d ,  
ve ry  we l l  s o r te d ,  subrounded t o  rounded, and q u a r t z o s e .  S i l t  c o n t e n t  
v a r i e s  f ro m  t r a c e  amounts t o  20 p e rc e n t .  G la u c o n i te  c o n te n t  averages 2 
p e rc e n t ,  b u t  Increases In severa l  l o c a l i t i e s  t o  a b o u t  5 p e r c e n t .  The 
s i l t y  sand f a c i e s  Is  v e r y  l o o s e l y  c o n s o l i d a t e d  and commonly e x h i b i t s  
o u t l i n e s  o f  s h e l l s  l o c a l l y  a c c e n t u a t e d  by d a rk  l i n i n g s  o f  manganese 
o x i d e .  The o r i g i n  o f  these  s h e l l  "g h o s ts "  and th e  loose n a tu re  o f  t h i s  
f a c ie s  Is a t t r i b u t e d  t o  g ro u n d w a te r  l e a c h in g  o f  s h e l l s  and c a r b o n a t e  
m a t r i x .  Th is  s i l t y  sand fa c ie s  commonly c o n ta in s  f e r r l c r e f e  nodules and 
o x id i z e s  b ro w n is h -y e l lo w  In o u tc ro p .
The nex t  most commonly encountered fa c ie s  o f  th e  Yorktown Formation 
Is a b l u i s h - g r a y  s h e l l y  sand. The sand Is f i n e - g r a i n e d ,  w e l l  s o r t e d ,  
subrounded t o  rounded, and quar tzose .  Th is  sand has a ca lca reous  m a t r i x  
and c o n ta in s  from 30 t o  60 p e r c e n t  s h e l l s  and s h e l l  f r a g m e n t s .  The 
s h e l l y  sand f a c i e s  c o n t a i n s  a d i v e r s e  f a u n a l  a ssem b lage  I n c l u d i n g  
CJissapecten  Je f  f e r soniuLS, A.s.t.arte undu.L.ata, D en ta  I I urn c a r o  I I n e n se  
C o n r a d ,  G I y c I m e_r_us s p . ,  C-rap I d u I a s p . ,  T u r r l t e l  la  al_t I c o s t a t a . 
Mercenar I a s p . ,  Qstrga d l^pa rJ  Ms, Ba I anus concavus B rown ,  c h e l  los tome 
b r y z o a n s ,  c o r a l s ,  and Oph lomorpha b u r r o w s .  T h i s  f a c i e s  c o n t a i n s  
a p p ro x im a te ly  2 p e rcen t  g I aucon I t e  and Is  l o c a l l y  s i l t y .  No p r im a r y
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s e d im e n t a r y  s t r u c t u r e s  were observed, p o s s ib l y  due t o  a h igh  degree o f  
b i o t u r b a t I o n .
W i t h i n  t h e  s t u d y  a r e a ,  t h e  sandy c o q u in a  fa c ie s  o f  th e  Yorktown 
Formation was I d e n t i f i e d  a t  o n ly  two l o c a l i t i e s  near th e  head o f  P o p l a r  
S p r i n g  B r a n c h .  T h i s  f a c i e s  Is  y e l l o w i s h - g r a y  and c o n ta in s  10 t o  15 
p e rcen t  f i n e  quar tzose  sand and a t r a c e  o f  g l a u c o n i t e .  I d e n t i f i c a t i o n  
o f  fa u n a  was n o t  p o s s i b l e  due t o  t h e  h i g h l y  fragmented na tu re  o f  th e  
s h e l I s .
E x c e p t  where I t  has been removed by post-York town e ro s io n ,  th e  top  
o f  th e  Yorktown Formation Is marked by a 1 t o  1 .5 m (3 t o  5 f t )  bed o f  
d a r k  r e d d i s h - b r o w n  c l a y ,  sandy c l a y  and c l a y e y  sand .  T h i s  bed Is 
commonly g l a u c o n i t i c  and Is l o c a l l y  abundant In f e r r i c r e t e  and manganese 
o x id e .  I t  is  compact,  and l o c a l l y  c o n ta in s  weathered s h e l l  m a te r ia l  and 
remnants o f  p r im ary  sed imenta ry  s t r u c t u r e s .  Th is  I n te r v a l  may, in p a r t ,  
r e p r e s e n t  an e p is o d e  o f  s u b t e r r a n e a n  w e a t h e r i n g  and c o m p a c t io n  o f  
Yorktown s h e l l  beds (B Ick  and Coch, I969; B e r q u l s t ,  I983) .
BarhamsvI I l e  form ation
The Barhamsvi I l e  fo rm a t io n  was I n fo r m a l l y  named by B e r q u l s t  ( I 983)  
f o r  a t h i c k  sequence o f  I n t e r t i d a l  sediments exposed near WahramI Swamp 
on th e  York-James P en insu la  (Toano 7 .5  m inute q u ad ra n g le ) .  C o r r e l a t i o n  
o f  t h e s e  sediments  t o  those  o f  a d jo i n i n g  s tu d ie s  remains a problem, b u t  
I t  appears t h a t  th e y  have p r e v io u s l y  been I n c lu d e d  w i t h i n  t h e  Bacon f s 
C a s t le  and Sedley fo rm a t io n s  (B Ick  and Coch, I969; Oaks and Coch, 1973). 
R e c e n t l y ,  I t  has been r e c o g n i z e d  t h a t  t h e s e  I n t e r t i d a l  s e d i m e n t s  
In te r to n g u e  w i th  a s e r ie s  o f  sands and g r a v e l s ,  p r i n c i p a l l y  t o  th e  west .
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T h is  complex assemblage o f  c l a y s ,  s i l t s ,  sands and g r a v e l s  Is  p o s s i b l y  
e q u i v a l e n t  t o  t h e  " Y o rk to w n  I I "  sediments o f  Newel l and Rader (1982) .  
For t h e  p u rp o se  o f  t h i s  s t u d y ,  t h e  B a r h a m s v l l l e  f o r m a t i o n  has been 
d e f i n e d  as t h a t  h i g h l y  w e a t h e r e d ,  l a t e r a l l y  and v e r t i c a l l y  v a r i a b l e  
assemblage o f  c l a y s ,  s i l t s ,  s a n d s ,  and g r a v e l s  w h ich  dI s c o n fo r m a b I y  
o v e r l i e  th e  mar ine Yorktown sediments above an e le v a t i o n  o f  16 m (55 f t )  
on th e  lower M idd le  Pen insu la  (F ig u re  8 ) .
On t h i s  p o r t i o n  o f  t h e  low er  M i d d l e  P e n in s u la ,  th e  B a rh am sv l l le
fo rm a t ion  Is t h e  s u r f l c l a l  u n i t  u n d e r l y in g  t h e  h i g h l y  d i s s e c t e d  Pampa 
u p l a n d .  I t  a l s o  c r o p s  o u t  a lo n g  m a jo r  s t re a m  v a l l e y s  b e n e a th  t h e  
P le is to c e n e  age Windsor and C hu cka tu ck  f o r m a t i o n s .  The B a r h a m s v l l l e  
f o r m a t i o n  l o c a l l y  c rops  o u t  a long th e  face o f  th e  Shack le fo rds  and Clay 
Bank scarps where e ro s io n  has removed younger o v e r l y i n g  u n i t s .
W i t h i n  t h e  s tudy  a rea ,  th e  Ba rh am sv l l le  fo rm a t io n  Is c h a ra c te r i z e d
by i t s  h i g h l y  h e te ro g e n e o u s  n a t u r e  and by I t s  l a t e r a l  and v e r t i c a l  
v a r i a b i l i t y .  The f o r m a t i o n  c o n s i s t s  o f  In te rbedded t o  I n te r  laminated 
c l a y s ,  s i l t s  and sands which In te r ton g u e  w i th  c la ye y  s i l t y  c o a rs e  sands 
and c l a y e y  s i l t y  sandy g r a v e l s .  The c l a y e y  s i l t y  c o a r s e  sands and 
g r a v e l s  o f  t h e  B a r h a m s v l l l e  f o r m a t i o n  I n t e r t o n g u e  w i t h  t h e  f l n e r -  
g r a l n e d ,  t h i n l y  b e d d e d  f a c i e s  a t  v a r i o u s  l e v e l s  t h r o u g h o u t  t h e  
fo rm a t io n .  The Barhamsvi I l e  fo rm a t io n  e x h i b i t s  an o v e r a l l  f i n i n g  t r e n d  
t o  t h e  e a s t .  The c l a y s  are g r a y i s h - y e l l o w  t o  ve ry  dark red ,  th e  s i l t s  
a re  moderate re d d ish -o ra n g e  t o  moderate redd ish -b row n ,  and th e  sands a re  
g r a y i s h - y e l l o w  t o  dark y e l lo w is h -o ra n g e  In c o l o r .  Except f o r  r a re  beds 
o r  l e n se s  o f  c o a r s e  s a n d ,  g e n e r a l l y  l e s s  t h a n  15 cm (6  I n . )  In  
th i c k n e s s ,  th e  sands o f  th e  f I n e r - g r a l n e d ,  t h i n l y  bedded fa c ie s  are  ve ry  
f i n e -  t o  medium-grained and modera te ly  t o  ve ry  w e l l  s o r t e d .  The sands
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o f  t h e  c o a r s e r  f a c i e s  a r e  f i n e -  t o  v e r y  co a rse -g ra In e d  and p o o r l y  t o  
modera te ly  s o r te d .  These co a rse r  fa c ie s  l o c a l l y  c o n ta in  g ra v e ls  rang ing  
In  s i z e  f r o m  p e a - s i z e  p e b b le s  t o  c o b b l e s .  Roundness In t h e  sand 
f r a c t i o n  v a r ie s  from a n gu la r  t o  v e r y  w e l l  ro u n d e d .  The w e l l  rounded  
s a n d s  a r e  h i g h l y  p o l i s h e d  and f i n e - g r a i n e d ,  and o c c u r  a t  s e v e r a l  
l o c a l i t i e s  t o w a r d  t h e  t o p  o f  t h e  f o r m a t i o n .  The  s a n d s  o f  t h e  
B a r h a m s v l l l e  f o r m a t i o n  a r e  l o c a l l y  f e l d s p a t h l c ,  b u t  a re  more commonly 
q u a r t z o s e .  The sands c o m m o n ly  e x h i b i t  an a r g i l l a c e o u s  m a t r i x .  
F e r r l c r e t e  l a y e r s  and n o d u le s  a r e  common t h r o u g h o u t  t h e  f o r m a t i o n .
Except f o r  s c a t te re d  e n i g m a t i c  b u r ro w s  and h i g h l y  a b rad e d  fo ram  
t e s t s ,  t h e  B a r h a m s v l l l e  f o r m a t i o n  Is n o n fo ss i  I i f e ro u s .  The massive, 
we l l  s o r te d  sand f a c ie s  commonly c o n ta in  t r a c e  amounts o f  heavy m ine ra ls  
and g l a u c o n i t e .  S e v e ra l  s i l t y  f i n e  sand f a c i e s  were observed t o  be 
a b u n d a n t l y  m ic a c e o u s .  W i t h i n  t h e  bedded and o v e r a l l  f I n e r - g r a I n e d  
u n i t s ,  b e d d in g  ra n g e s  f rom  0 .5  mm ( l a m in a t e d )  t o  0 .3  m in t h i c k n e s s .  
The I n t e r  laminated u n i t s  o f  s i l t y  f i n e  sand and s i l t y  c l a y  commonly 
e x h i b i t  f l a s e r  and wavy b e d d i n g .  The sand and sandy g r a v e l  fa c ie s  
l o c a l l y  e x h i b i t  t rough  c r o s s b e d d i n g .  In p l a c e s ,  t h e s e  c r o s s b e d s  a re  
a c c e n t u a t e d  by c l a y  c h i p s  and c l a y  la m in a e .  C la y  r i p - u p  c l a s t s  are 
common In t h e  c o a r s e r - g r a i n e d  u n i t s .  D e f o r m a t i o n  a s s o c i a t e d  w i t h  
d i s s o l u t i o n  o f  u n d e r l y in g  Yorktown Formation s h e l l  beds was observed a t  
s e v e r a l  l o c a l i t i e s .  F i n e - g r a i n e d  u n i t s  t o w a r d s  t h e  t o p  o f  t h e  
B a rh a m s v l l le  fo rm a t io n  a re  m ass ive ly  bedded.
S o i l s  o f  th e  B a rh a m s v l l le  fo rm a t io n  are deep red where d e r ive d  from 
f i n e - g r a i n e d  s e d im e n ts  and y e l l o w i s h - b r o w n  where d e r iv e d  from sandy 
sed iments .  In bo th  cases, s o i l s  are  t h i c k  and w e l l  d e v e lo p e d .  W i t h i n  
t h e  s t u d y  a rea ,  th e  B a rh a m s v l l le  fo rm a t io n  e x h i b i t s  th e  h ig h e s t  pe rcen t
52
s i l t  c o n te n t  o f  al  I fo rm a t io n s  encoun te red ,  w i th  s i l t  be ing d i s t r i b u t e d  
among n e a r l y  a l l  f a c i e s .  Based upon I t s  r e l a t i v e  p o s i t i o n  In t h e  
s t r a t I g r a p h I c  column, r e l a t i v e  weather ing  c h a r a c t e r i s t i c s ,  and degree o f  
s o i l  f o r m a t io n ,  th e  B a rh a m s v l l le  fo rm a t io n  has been assigned a t e n t a t i v e  
age o f  l a t e  P l io c e n e .
P le is to cen e  S eries  
Windsor Formation
The W in dso r  F o r m a t i o n  was named by Coch (1968) f o r  a core  bo r in g  
near th e  community o f  Windsor south  o f  th e  James R i v e r .  From I t s  t y p e  
l o c a l i t y ,  Coch t r a c e d  t h e  W in d so r  F o r m a t i o n  e a s tw a rd  t o  th e  S u f f o l k  
scarp where I t  was eroded and o v e r l a i n  by younger P le is to c e n e  u n i t s ,  and 
wes tward  w h e re ,  a c c o r d i n g  t o  Coch ,  I t  d I  s c o n fo r m a b I y  lap s  o n to  the  
" M o o r in g s  u n i t "  a lo n g  t h e  S u r r y  s c a r p .  The  " M o o r i n g s  u n i t "  was 
i n f o r m a l l y  named by Coch (1 9 7 3 )  f o r  an assemblage o f  f i n e  sands along 
th e  Surry  scarp and s i l t y  c la y s  west o f  th e  sca rp .  BIck and Coch (1969) 
and Johnson (1972) t r a c e d  th e  Windsor Formation from south o f  th e  James 
R ive r  on to  t h e  York-James Pen insu la  where I t  was mapped as th e  s u r f i c l a  I 
u n i t  u n d e r l y i n g  t h e  7 0 - f o o t  and 9 0 - f o o t  p l a i n s .  I t  has s i n c e  been 
recognized t h a t  t h e  sediments u n d e r l y in g  th e  7 0 - f o o t  p l a i n  o f  t h e  Y o r k -  
James P e n in s u l a  r e p r e s e n t  a younger u n i t  I n f o r m a l l y  termed th e  Char les  
C i t y  fo rm a t io n  (Johnson and o t h e r s ,  1982; B e r q u l s t ,  1 9 83 ) .  B e r q u l s t  
(1983) mapped th e  Windsor Format ion  as th e  s u r f l c l a l  u n i t  u n d e r l y in g  th e  
9 0 - f o o t  p l a i n  o f  th e  Norge 7 .5  m inu te  quadrangle  (York-James P e n in s u la ) .  
In h is  r e p o r t ,  B e r q u l s t  s t a t e s  t h a t  "no  r e l a t i o n s h i p  between th e  Windsor
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F o r m a t io n  and °M o o r fn g s  u n i t *  c o u ld  be f o u n d ”  a n d ,  t h e r e f o r e ,  he 
combined t h o s e  s e d im e n ts  t h a t  Coch would  have mapped as b a r r i e r  and 
lagoonal f a c i e s  o f  t h e  " M o o r i n g s ”  I n t o  t h e  W in d so r  F o r m a t i o n .  On a 
r e g i o n a l  s c a l e ,  N ew e l l  and Rader (1 982 )  d is cu ss  "Windsor e q u i v a le n t ” 
sediments which th e y  ass ign  t o  t h e  "Y o rk to w n  r e g r e s s i v e  s ta g e  I I I ”  o f  
t h e i r  c l a s s i f i c a t i o n .
Upon th e  I n t e r f l u v e  o f  t h e  low e r  M i d d l e  P e n i n s u l a ,  t h e  W indsor  
F o r m a t io n  fo rm s  t h e  s u r f  I c I a I u n i t  o f  t h e  c o a s t -w is e  Ark p l a i n .  The 
Windsor Formation a ls o  d i r e c t l y  u n d e r l i e s  th e  a d j o i n i n g  p o r t i o n  o f  t h e  
A rk  p l a i n  along t h e  York R ive r  (F ig u re  9 ) ,  and a l s o  occurs  upon benches 
w i t h i n  th e  lower p o r t i o n  o f  th e  Poropotank R ive r  d r a i n a g e  b a s in  ( P l a t e  
3 ) .  The W in dso r  F o r m a t to n  a p pe a rs  h o r i z o n t a l  In o u t c r o p  b u t  has a 
re g io n a l  d ip  averag ing  0 .45 m per 1 .0  km (2 .4  f t  per ml)  t o  th e  e a s t  and 
s o u t h e a s t .  W i th in  t h e  s tudy  a re a ,  th e  Windsor ranges In th ic k n e s s  from 
7 m (22 f t )  t o  a fe a th e r -e d g e  where I t  laps  upon t h e  S u r r y  s c a r p .  On 
t h e  l o w e r  M i d d l e  P e n i n s u l a ,  t h e  W in dso r  F o r m a t i o n  d i s c o n f o r m a b I y  
o v e r l i e s  t h e  P l i o c e n e  age B a r h a m s v l l l e  f o r m a t i o n  and I s ,  In t u r n ,  
d iscon fo rm ab Iy  o v e r l a i n  by th e  Chuckatuck fo rm a t io n  o f  l a t e r  P le is to ce n e  
age.
W i t h i n  t h e  s t u d y  a r e a ,  t h e  W i n d s o r  F o r m a t i o n  i s  i n f o r m a l l y  
subd iv ided  in to  two members s i m i l a r  t o  those  desc r ib e d  by BIck and Coch 
( 1 9 6 9 ) .  The lower member c o n s i s t s  o f  in te rbedded sandy g r a v e l s ,  sands, 
c la ye y  s i l t y  sands, and s i l t y  c l a y s .  The lower member f i n e s  upward In to  
a h e te ro g e n e o u s  m i x t u r e  o f  s a n d ,  s i l t  and c l a y  o f  t h e  upper member. 
The sediments o f  th e  upper member g ra d e  l a t e r a l l y  I n t o  m a s s iv e  s i l t y  
f i n e  sands along th e  Sur ry  sca rp .
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location A index number of boring
lithofacies boundary; solid where located , dashed where inferred, 
dotted where projected across stream valleys
unconformable contact ; solid where located, dashed where inferred, 
dotted where p r o j e c t e d  across stream valleys
Igure  9b. E xp lan a t io n  t o  symbols used In c ross  s e c t io n  E-E f
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The lower member o f  t h e  Windsor F o r m a t io n  Is  s u b d i v i d e d  I n t o  two 
In fo rmal  u n i t s :  a f l u v l a l - e s t u a r I n e  dominated u n i t  a long th e  a x is  o f  th e  
York R ive r  p r o t o e s t u a r y , and a mar ine dominated u n i t  e a s t  o f  t h e  S u r r y  
s c a r p .  Each o f  t h e s e  I n f o r m a l  u n i t s  Is  c h a r a c t e r i z e d  by d i s t i n c t  
assemblages o f  l l t h o f a c l e s ,  and grade l a t e r a l l y  I n t o  one a n o t h e r .  The 
f I u v I  a I - e s t u a r I n e  d o m in a te d  u n i t  o f  t h e  low e r  member c o n s i s t s  o f  
Interbedded s i l t y  c l a y s ,  s i l t s ,  c laye y  s a n d s ,  s a n d s ,  and s i l t y  c l a y e y  
sandy g r a v e l s  r a n g i n g  In c o l o r  f rom  l i g h t  g r a y  t o  moderate r e d d is h -  
o range.  Bedd ing  w i t h i n  t h i s  u n i t  r a n g e s  In t h i c k n e s s  f rom  s e v e r a l  
m i l l i m e t e r s  In t h e  s i l t y  f a c i e s  t o  o v e r  a m e te r  in  t h e  c l a y e y  sand 
f a c i e s .  A 1 .2 m t h i c k  (4 f t  t h i c k )  bed o f  l i g h t  g r a y ,  m a s s iv e  s i l t y  
c l a y  o c c u r s  t o w a rd s  th e  base o f  t h i s  u n i t ,  w h i l e  t h i n n e r  beds o f  s i l t y  
c la y  occur  towards th e  top  o f  th e  u n i t .  These beds c o n ta in  r o o t l e t s  and 
burrows,  and are  I n t e r p r e t t e d  as t r a n s g re s s  Ive marsh fa c ie s  and f r i n g i n g  
marsh f a c i e s ,  r e s p e c t i v e l y .  Wel l  s o r t e d ,  m e d iu m -g r a in e d  sands a re  
commonly In te r b e d d e d  w i t h  p o o r l y  s o r t e d ,  s i l t y  c l a y e y  sandy g ra v e ls  
w i t h i n  t h i s  u n i t .  The sand f a c i e s  a re  g e n e r a l l y  m a s s iv e ,  w h i l e  t h e  
g r a v e l  f a c i e s  c o m m o n ly  c o n t a i n  c l a y  r l p - u p  c l a s t s  and c l a y  c h ip  
crossbeds.  Except f o r  sI  11— f i l l e d  r o o t l e t  c a s t s  and r a r e  s a n d - f i l l e d  
burrows In th e  massive s i l t y  c l a y  f a c i e s ,  t h i s  u n i t  Is nonfoss I  I I f e ro u s .  
The f a c t  t h a t  c le a n ,  w e l l  so r te d  sands depos i ted  In a n e a r s h o r e  m a r in e  
e n v i r o n m e n t  a re  I n te r b e d d e d  w i t h  p o o r l y  s o r t e d ,  s i l t y  c l a y e y  sandy 
g ra v e ls  depos i ted  In a f l u v l a l - e s t u a r I n e  env i ronment  suggests t h a t  t h i s  
l a t e r a l l y  and v e r t i c a l l y  v a r i a b l e  u n i t  re p re s e n ts  a t r a n s i t i o n a l  phase 
e a r l y  In th e  fo rm a t io n  o f  t h e  Windsor p r o t o e s t u a r y .
To t h e  e a s t ,  t h e  h i g h l y  v a r i a b l e  f I u v I  a I - e s t u a r I n e  u n i t  o f  th e  
lower member o f  th e  Windsor Formation g ra d e s  l a t e r a l  l y  I n t o  a u n i t  o f
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w h i t e  t o  medium l i g h t  g ray  sands and c la y e y  sands w i th  l o c a l l y  abundant 
c rossbeds.  These sands a re  medium- t o  c o a r s e - g r a i n e d  w i t h  s c a t t e r e d  
g r a n u l e  t o  pea-s ized  g r a v e l l y  la y e rs .  L o c a l l y  th e y  c o n ta in  t h i n  layers  
o f  l i g h t  g ray  c l a y ,  l i g h t  g ray  c l a y  d rapes,  and heavy m i n e r a l  la m in a e .  
The c r o s s b e d s  l o c a l l y  e x h i b i t  a h ig h  d e g re e  o f  v a r i a b i l i t y  In t h e i r  
o r i e n t a t i o n ,  and a re  o f  th e  low ang le  t rough  t y p e  and h igh  a n g le  p l a n a r  
t y p e .  The e n v i r o n m e n t  In which these  sands were depos i ted  was t i d a l  ly  
I n f l u e n c e d ,  and a n e a r s h o r e  m a r i n e  and s h o a l i n g  e n v i r o n m e n t  o f  
d e p o s i t i o n  Is  I n f e r r e d .  These c ro s s b e d d e d  sands f i n e  upward I n t o  
massive t o  t h i c k l y  bedded gray  c la ye y  sands o f  r e s t r i c t e d  m a r in e  t o  bay 
o r I g I n .
The low e r  member o f  t h e  W in d so r  F o r m a t i o n  f i n e s  upward I n t o  a 
h e te ro g e n e o u s  m i x t u r e  o f  s a n d s ,  s i l t s  and c la y s  rang ing  In c o lo r  from 
y e l l o w is h - g r a y  t o  g ra y is h -o ra n g e .  T h is  m ix tu re  o f  s e d im e n ts  Is  h i g h l y  
m o t t l e d  due t o  b l o t u r b a t l o n  a t  t i m e  o f  d e p o s i t i o n  and s o i l  fo rm a t ion  
which fo l l o w e d .  These m o t t l e d  beds r e p r e s e n t  t h e  u ppe r  p o r t i o n  o f  a 
f  I n I ng -up w a rd  sequence which r e s u l t e d  from f i l l i n g  In o f  an e s tu a ry  o r  
embayment d u r in g  Windsor t im e s .  The m o t t l e d  beds o f  t h e  upper  member 
grade l a t e r a l l y  i n t o  a u n i t  o f  massive sands a long t h e  Sur ry  sca rp .
Along th e  t re n d  o f  th e  Surry  scarp and above e le v a t i o n s  o f  30 m (90 
f t ) ,  t h e r e  Is  a u n i t  o f  y e l l o w i s h - g r a y  t o  g r a y ,  m a s s iv e  t o  t h i c k l y  
bedded s i l t y  sand. These sands are  f i n e -  t o  medium-grained and are we l l  
s o r t e d .  Bedd ing  I s  on t h e  o r d e r  o f  m e te rs  and I s  evidenced o n ly  as 
in te rsp e rse d  i n t e r v a l s  c o n ta in in g  r e l a t i v e l y  g r e a t e r  amounts o f  c l a y .  A 
smal  I p e r c e n t  o f  heavy m i n e r a l s  I s  s c a t t e r e d  t h r o u g h o u t ,  b u t  a l s o  
l o c a l l y  occu r  as t h i n  laminae o r  n o n d e s c r ip t  c o n c e n t r a t i o n s .  Th is  s i l t y  
sand f a c ie s  occurs  as a l i n e a r  body rang ing  In t h i c k n e s s  up t o  7 m (22.5
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f t ) .  T h is  f a c fe s  re p re se n ts  l i t t o r a l ,  b e a ch ,  and p o s s i b l y  dune sands 
a s s o c i a t e d  w i t h  t h e  s h o r e l i n e  o f  Windsor t im e s .  The s i l t y  sand fa c ie s  
o f  t h e  Windsor Formation grades l a t e r a l l y  I n to  f  I n e r - g r a  I ned s e d im e n ts  
to w a rd  t h e  York  R i v e r  ( F i g u r e  8)  and to w a rd  t h e  e a s t .  T h is  u n i t  Is 
remarkab ly  s i m i l a r  t o  t h e  MMoorIngs u n i t ”  desc r ibed  by Coch ( 1 9 7 3 ) ,  b u t  
because  I t  a p pe a rs  c o n f o r m a b le  w i t h  u n d e r l y i n g  sed iments  and grades 
l a t e r a l l y  I n t o  f I n e r - g r a I n e d  s e d im e n ts  o f  t h e  upper  member o f  t h e  
Windsor Formation w i t h i n  th e  s tudy a rea ,  I t  Is combined In to  th e  Windsor 
Formation In t h i s  s tudy .
To d a te ,  no ra d lo m e t r le a  I Iy d a ta b le  m a te r ia l  has been found f o r  the  
Windsor Formation o f  southwest V i r g i n i a  so I t s  age re m a in s  u n c e r t a i n .  
Based  upon I t s  r e l a t i v e  p o s i t i o n  In t h e  s t r a t I  g r a p h I c  c o lu m n .  I t s  
r e l a t i v e  degree o f  w ea the r in g ,  and t e n t a t i v e  c o r r e l a t i o n  t o  t h e  James 
C i t y  F o rm a t io n  o f  n o r th e a s te rn  Nor th C a r o l i n a ,  th e  Windsor Formation Is 
ass igned an e a r l y  P le is to c e n e  age.
Chuckatuck form ation
The te rm Chuckatuck fo rm a t io n  has been I n f o r m a l l y  p ro po se d  f o r  a 
f i n i n g - u p w a r d  sequence o f  sed im en ts  u n d e r l y in g  broad f l a t s  between 16 
and 20 m (50 and 65 f t )  e le v a t i o n  south  o f  t h e  James R i v e r  and on t h e  
lower  Y o rk -Ja m e s  P e n in s u l a  (G .H .  Jo h n s o n ,  p e r s o n a l  c o m m u n ic a t i o n ) .  
C o r r e l a t i o n  o f  th e se  sediments t o  those  u n d e r l y in g  numerous s m a l l  f l a t s  
a t  a p p r o x i m a t e l y  th e  same e le v a t i o n  a long th e  L i t t l e  Creek R ese rvo i r  on 
t h e  York-James Pen insu la  has been suggested by B e r q u l s t  (19 83 ) .  E a r l i e r  
I n v e s t i g a t i o n s  d e s c r ib e d  those  sediments d i r e c t l y  u n d e r l y in g  a 7 0 - f o o t
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p l a i n  (B Ick  and Coch, 1969) and a 48 t o  60 f o o t  p l a i n  ( J o h n s o n ,  1 9 7 2 ) ,  
b u t  Inc luded them w i t h i n  th e  Windsor Fo rm at ion .
W i th in  t h e  s tudy  a rea ,  t h e  Chuckatuck fo rm a t io n  u n d e r l i e s  a p l a i n  
a long th e  York R ive r  rang ing  In e le v a t i o n  from 17 t o  21 m (50 t o  68 f t ) .  
I t  a l s o  forms th e  s u r f I c l a I  u n i t  o f  e q u i v a le n t  benches e x te n d in g  up t h e  
P o r o p o ta n k  R i v e r ,  G o a ld e rs  C re e k ,  and B la nd  C r e e k .  The Chuckatuck 
fo rm a t io n  becomes t h i c k e r  towards th e  York  R i v e r  and I t s  t r i b u t a r i e s ,  
rang ing  In th i c k n e s s  from a fe a th e r -e d g e  a long the  S h a ck le fo rd s  scarp t o  
3 .7  m (12 f t )  in  t h e  Meadow Swamp a rea  ( F i g u r e  1 0 ) .  Sou th  o f  t h e  
P o ro p o ta n k  R i v e r  I t  has l a r g e l y  been removed by e ro s io n  d u r in g  a l a t e r  
P le i s t o c e n e  t ra n s g re s s  I v e - re g re s s I v e  c y c le .
W i th in  th e  s tudy  a rea ,  th e  Chuckatuck fo rm a t io n  c o n s i s t s  o f  a basal 
s i l t y  pebb ly  sand which f i n e s  upward I n t o  v e r y  s i l t y  and c l a y e y  sands 
( F i g u r e  9 ) .  The basa l  u n i t  is  composed o f  ve ry  l i g h t  g ray  t o  g r a y i s h -  
o r a n g e ,  f i n e -  t o  v e r y  c o a r s e - g r a i n e d  g r a v e l l y  s a n d s .  These s a n d s  
c o n t a i n  a s m a l l  amount o f  s i l t  and c l a y ,  and are  modera te ly  t o  p o o r l y  
s o r t e d .  The g rave l  f r a c t i o n  o f  t h i s  u n i t  Is g e n e r a l l y  g r a n u l e  t o  pea­
s i z e d ,  b u t  c o b b l e s  a re  o b s e rv e d  a t  severa l  l o c a l i t i e s .  The sands are 
q u a r t z o s e  and l o c a l l y  c o n t a i n  s e v e r a l  p e r c e n t  h e a v y  m i n e r a l s  
c o n c e n t r a t e d  as lam inae .  Th is  basal u n i t  c o n ta in s  abundant h igh angle  
crossbeds ( d ip p in g  21 degrees SE) ,  w i t h  some s e t s  d i p p i n g  n o r t h w e s t .  
S c a t t e r e d  e n i g m a t i c  b u r ro w s  o c c u r  t o w a r d s  th e  top  o f  t h i s  u n i t .  The 
coarse  basal u n i t  f i n e s  upward i n t o  a t h i c k e r  u n i t  o f  medium g r a y  t o  
m o d e ra te  y e l lo w is h -b ro w n  s i l t y  c la y e y  sands. C lay  c o n te n t  in t h i s  u n i t  
Increases upward. The sand f r a c t i o n  o f  t h i s  u n i t  Is  f i n e -  t o  medium- 
g r a in e d ,  m odera te ly  w e l l  s o r te d  and quar tzose .  Sand g r a in s  are commonly 
s ta in e d  y e l l o w  t o  o ra n g e  by I r o n  o x i d e s .  The u p pe r  p o r t i o n  o f  t h e
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C h u c k a tu c k  fo rm a t io n  Is c h a ra c te r i z e d  by i t s  homogenei ty ,  apparen t  lack 
o f  p r im ary  s t r u c t u r e ,  and I t s  medium ye l lo w ish -b row n  c o l o r  In w ea the re d  
o u tc ro p .
A f  I u v la  l - e s t u a r  Ine env ironment o f  d e p o s i t i o n  Is  I n f e r r e d  f o r  t h e  
b a sa l  p o r t i o n  o f  th e  Chuckatuck fo rm a t io n ,  and an e s t u a r ln e  environment 
Is I n f e r r e d  f o r  t h e  uppe r  p o r t i o n .  A r e l a t i v e  age o f  e a r l y  m i d d l e  
P l e i s t o c e n e  Is  t e n t a t i v e l y  ass igned  to  th e  Chuckatuck fo rm a t io n  based 
upon I t s  s t r a t  I g ra p h  Ic  p o s i t i o n  b e tw e e n  t h e  W i n d s o r  and S h i r l e y  
fo rm a t io n s ,  and I t s  r e l a t i v e  weather ing  c h a r a c t e r i s t i c s .
S h ir le y  form ation
The N o r f o l k  F o r m a t i o n  was named by C l a r k  and M i l l e r  ( I906) f o r  
sediments dredged from th e  Dismal Swamp Canal In N o r fo lk  County (now th e  
C i t y  o f  Chesapeake), V i r g i n i a .  A f t e r  e s t a b l i s h in g  t h a t  th e  typ e  s e c t io n  
f o r  th e  N o r fo lk  Formation c o n s i s t s  o f  H o lo c e n e ,  P l e i s t o c e n e  and upper  
T e r t i a r y  d e p o s i t s ,  Oaks ( I965) and Coch ( I965) r e d e f in e d  th e  fo rm a t io n  
and subd iv ided  I t  I n t o  l l t h o f a c l e s .  The N o r fo lk  F o r m a t i o n ,  as d e f i n e d  
by Oaks and Coch, was t ra c e d  northward on to  th e  York-James P en insu la  by 
B ick and Coch ( I 9 6 9 ) ,  Coch ( 19 7 1) and Johnson ( I 9 7 2 ) .  I t  has s in c e  been 
r e c o g n i z e d  t h a t  t h i s  d e f i n i t i o n  o f  t h e  N o r f o l k  F o r m a t i o n  Is  a l s o  
inadequate In t h a t  i t  Inc ludes  sediments o f  th e  younger Tabb F o r m a t i o n .  
T h i s  has l e d  s e v e r a l  I n v e s t i g a t o r s  t o  r e e v a l u a t e  t h o s e  s e d im e n ts  
fo r m e r ly  c l a s s i f i e d  as th e  N o r fo l k  Fo rmat ion .  Sediments u n d e r l y i n g  t h e  
14 m (45 f t )  p l a i n  on t h e  Y o rk -Jam es  P e n i n s u l a  have been I n f o r m a l l y  
renamed th e  S h i r l e y  fo rm a t io n  from exposures In th e  Lone S ta r  sand p i t s
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n e a r  t h e  S h i r l e y  P l a n t a t i o n ,  W es tove r  7 . 5 f q u a d r a n g le  (Johnson  and 
o t h e r s ,  1982; B e r q u l s t ,  1983).
W i t h i n  t h e  s t u d y  a r e a ,  t h e  S h i r l e y  f o r m a t i o n  u n d e r l i e s  a p l a i n  
rang ing  In e le v a t i o n  from 9 t o  14 m (30 t o  45 f t )  ( F i g u r e  1 1 ) .  T h i s  
p l a i n  and u n d e r l y i n g  S h i r l e y  sediments can be t ra ce d  up th e  Poropotank 
R ive r  f o r  most o f  I t s  leng th  as benches. The S h i r l e y  fo rm a t io n  t h i c k e n s  
to w a rd  t h e  York  R i v e r  and I t s  t r i b u t a r i e s ,  rang ing  In th i c k n e s s  from a 
fe a th e r -e d g e  a long t h e  Clay Bank scarp t o  6 m (20 f t )  a lo n g  b l u f f s  o f  
t h e  Y o rk  R i v e r .  The S h i r l e y  fo rm a t io n  Is most e x te n s iv e  south  o f  th e  
Poropotank R iv e r  and has been l a r g e l y  removed n o r th  o f  th e  Poropotank by 
e ro s io n  p r i o r  t o  d e p o s i t i o n  o f  th e  younger Tabb Form at ion .
W i th in  th e  s tudy  a re a ,  th e  S h i r l e y  fo rm a t io n  c o n s i s t s  o f  a f i n i n g -  
upward sequence o f  s i l t y  g r a v e l l y  sand t o  sandy c la ye y  s i l t  (F ig u re  10) .  
Along t h e  P o ro p o ta n k  R i v e r ,  Meadow Swamp, and t h e  b l u f f s  a t  B a r re n  
P o i n t ,  t h e  b a s a l  u n i t  c o n s i s t s  o f  y e l l o w i s h - g r a y  t o  g ra y is h -o ra n g e ,  
s l i g h t l y  s i l t y  and c la y e y ,  f i n e -  t o  c o a rs e -g ra in e d ,  modera te ly  t o  p o o r l y  
s o r t e d ,  q u a r t z o s e  sands l o c a l l y  c o n t a i n i n g  g r a n u l e  t o  c o b b l e - s l z e  
g r a v e l .  T h is  u n i t  l o c a l l y  c o n ta in s  0.15 t o  0 .3  m (0 .5  t o  I .0 f t )  t h i c k  
beds o f  d a rk  g ray  t o  b ro w n is h -b la c k ,  o r g a n i c - r i c h  s i l t y  f i n e  sands w i th  
s c a t te re d  coarse  g r a in s .  These beds p o s s ib l y  re p re s e n t  marsh f a c i e s  o f  
t h e  t r a n s g r e s s I v e  b a s a l  u n i t .  Low a n g le  t r o u g h  c r o s s b e d s ,  r i p p l e  
c rossbeds,  and s h a l l o w  g r a v e  I - f I  I Ied c h a n n e ls  a r e  p r e s e n t  a lo n g  t h e  
b l u f f s  o f  t h e  York R iv e r .
Away from major  t r i b u t a r i e s  and away from th e  C lay Bank s c a r p ,  t h e  
c o a rs e r - g r a in e d  basal u n i t  grades l a t e r a l l y  In to  medium gray t o  g r a y i s h -  
o range, m odera te ly  s i l t y ,  v e r y  f i n e -  t o  m e d iu m - g r a in e d ,  w e l l  s o r t e d ,
63
C C'
o
o<n
(m) QD
426
CD
424
423
10 - MM
liiiil! liiiiil?  Iilli
+  +
Te
300 m 0 3 00  m
EXPLANATION
(ft)
-  50
40
30
20
10
1000
H i
,.~s ; ;■ 
•  * * o
sandy silty clay 
clayey sand 
sand Ifine/coarseI 
gravelly sand
1000 feet
321
shells
=j interbedded sands & muds 
location & index number of boring
Horizontal Scale 
Vertical Exaggeration : 100x
lithofacies boundary ; solid where located, dashed where inferred, 
dotted where projected across stream valleys
■ . s s s unconformable contact ; solid where located, dashed where inferred, 
dotted where projected across stream valleys
F ig u re  11. I n t e r p r e t i v e  c ross  s e c t io n  C-Cf showing l i t h o f a c i e s  
r e l a t i o n s h i p s  In th e  S h i r l e y  fo rm a t io n .
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q u a r+ z o s e  sands. These sands l o c a l l y  c o n ta in  abundant s o f t  w h i te  s h e l l  
f ragm ents ,  2 p e rce n t  reworked g la u c o n i t e  g r a in s ,  abundant feca l  p e l l e t s ,  
and a t r a c e  o f  s c a t t e r e d  c o a r s e  sand g r a in s .  I d e n t i f i c a t i o n  o f  fauna 
was d i f f i c u l t  b e c a u s e  o f  f r a g m e n t a t i o n  by t h e  hand  a u g e r ,  b u t  
C r a s s o s t r e a  and M e r c e n a r I  a a r e  s u s p e c t e d .  The l o c a l l y  o r g a n i c - r i c h  
c o a r s e r -g ra in e d  basal f a c i e s  occurs  a t  e l e v a t i o n s  l e s s  th a n  3 . 6  m (12 
f t ) ,  w h i l e  t h e  f i n e r - g r a i n e d  l o c a l l y  s h e l l y  b a s a l  f a c i e s  o cc u rs  a t  
e l e v a t i o n s  g r e a t e r  t h a n  3 .5  m (18 f t ) .  T h i s  t r e n d  may r e p r e s e n t  
d e p o s i t i o n  o f  S h i r l e y  sediments  over  an I r r e g u l a r  land s u r fa c e ;  namely, 
channel f i l l  and marsh d e p o s i t i o n  w i t h i n  v a l l e y s ,  and d e p o s i t i o n  o f  f i n e  
sands and b i o l o g i c a l  accumula t ion  upon sh a l lo w e r  In te rv e n in g  t e r r a c e s .
The l a t e r a l l y  v a r i a b l e  basal u n i t  o f  t h e  S h i r l e y  f o r m a t i o n  f i n e s  
upward I n t o  a t h i c k e r  sequence  o f  s i l t y  sands and sandy s i l t y  c l a y s .  
T h is  sequence c o n s i s t s  o f  medium g r a y  t o  g r a y  I s h - o r a n g e ,  m o d e r a t e l y  
s i l t y ,  m o d e r a t e l y  w e l l  s o r t e d ,  f i n e -  t o  medIum-graIned sands which, In 
t u r n ,  f i n e  upward I n t o  v e r y  s a n d y ,  s i l t y  c l a y s .  S c a t t e r e d  r i p p l e  
la m in a e ,  t h i n  le n s e s  and l a y e r s o o f  c l a y ,  and I n d i s t i n c t  w h i te  sand- 
f I  I led burrows were observed towards  th e  b o t to m  o f  t h i s  sequence .  The 
uppe r  p o r t i o n  o f  t h e  S h i r l e y  fo rm a t io n  Is m o t t l e d .  The f i n e r - g r a i n e d  
upper u n i t  o f  t h e  S h i r l e y  f o r m a t i o n  g ra d e s  l a t e r a l l y  I n t o  c o a r s e r -  
g ra ined  p o i n t  ba r  d e p o s i t s  a long th e  lower Poropotank R iv e r .
The S h i r l e y  f o r m a t i o n  was d e p o s i t e d  In  a f I u v I  a I - e s t u a r  I ne 
env i ronment  d u r in g  a g I a c l o e u s t a t i c  r i s e  In sea l e v e l .  An es t imated  age 
o f  180,000 y e a r s  b e f o r e  p r e s e n t  has been r e p o r t e d  f o r  t h e  S h i r l e y  
f o r m a t i o n  based upon u ra n lu m -s e r le s  d a t in g  o f  c o r a l s  (Mixon and o th e r s ,  
1982). I t  Is ass igned an e a r l y  l a t e  P le is to c e n e  age.
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Tabb Formation
The Tabb Formation was named by Johnson (1976) f o r  exposures on th e  
low e r  Y o rk -Ja m e s  P e n in s u l a  o f  V i r g i n i a .  T h re e  d i s t i n c t  I I t h o l o g l c  
members bounded by d Is c o n fo rm 1 1 Ie s  a r e  r e c o g n i z e d .  These members In 
o r d e r  o f  decreas ing  age and e le v a t i o n  a re  th e  S e d g e f le ld ,  Lynnhaven and 
Poquoson members. P r i o r  t o  Johnson (1976 ) ,  t h e  Tabb Format ion  had been 
mapped as fa c ie s  o f  th e  N o r f o l k  Formation (B Ick  and Coch, 1969; Johnson, 
1972). The Tabb Formation Is c o r r e l a t i v e  t o  p a r ts  o f  t h e  Sand B r i d g e ,  
Londonb r  I dge,  N o r f o l k ,  Great B r id g e ,  and K e m p sv l l le  fo rm a t io n s  o f  Oaks 
and Coch (1973) .
O n ly  t h e  two  y o u n g e s t  (and lowest) members o f  th e  Tabb Fo rmat ion ,  
t h e  Lynnhaven and Poquoson, were mapped s u r f l c l a l l y  In t h i s  s tudy  (P la t e  
1 ) .  W i t h i n  t h e  s t u d y  a r e a ,  t h e  S e d g e f l e l d  Member has been l a r g e l y  
removed by e r o s i o n  p r i o r  t o  d e p o s i t i o n  o f  t h e  two  yo u ng e r  members. 
S e v e r a l  f i n i n g - u p w a r d  s e d im e n t a r y  sequences  o c c u r r i n g  a t  d e p th  in 
S e c t io ns  309 and 430 may r e p r e s e n t  p o r t i o n s  o f  t h e  S e d g e f i e l d  Member 
w h i c h  h a ve  been  b e v e l l e d  and b u r l e d  by more r e c e n t  s e d im e n ts  o f  
Lynnhaven age (Appendix I ) .
T h e  T a b b  F o r m a t i o n  was d e p o s i t e d  In  a f l u v i a l  - e s t u a r I n e  
env i ronmen t .  Based upon I t s  r e l a t i v e  p o s i t i o n  In t h e  s t r a t I g r a p h i c  
c o lu m n  and i t s  l e s s e r  d e g r e e  o f  w e a t h e r i n g  as compared t o  o l d e r  
f o r m a t i o n s ,  t h e  Tabb F o r m a t i o n  Is  a s s ig n e d  a l a t e  P l e i s t o c e n e  age.  
Based  upon u r a n l u m - s e r I e s  d a t i n g  o f  m o l l u s k  s h e l l s ,  a b s o l u t e  ages 
rang ing  from 62,000 t o  80,000 years b e f o r e  p r e s e n t  have been r e p o r t e d  
(M ixo n  and o t h e r s ,  1 9 8 2 ) .  The Tabb Formation Is d is c o n t in u o u s  w i t h i n  
t h e  s t u d y  a re a  and c a n n o t  be l a t e r a l l y  t r a c e d  t o  I t s  t y p e  a r e a .
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T h e r e f o r e ,  c o r r e l a t i o n s  p r e s e n t e d  fn t h i s  r e p o r t  a re  based upon 
m orpho log ica l  and l l t h o l o g l c a !  s i m i l a r i t i e s .
Lynnhaven Member: W i th in  t h e  s tudy  a rea ,  th e  Lynnhaven Member o f
th e  Tabb Formation u n d e r l i e s  a broad c r e s c e n t - s h a p e d  p l a i n  r a n g in g  In 
e l e v a t i o n  f ro m  3 t o  5 .5  m (10 t o  18 f t )  a t  th e  mouth o f  th e  Poropotank 
R ive r  ( P la t e  I ) .  Several  benches u n d e r la in  by th e  Lynnhaven Member have 
been mapped a lo n g  t h e  P o ro p o ta n k  R iv e r .  C e r t a i n t y  t h a t  th e  sediments 
u n d e r ly in g  these  benches a re  o f  Lynnhaven age cannot be assured because  
o f  d i f f i c u l t y  In d i s t i n g u i s h i n g  t h e  s a n d i e r  f a c i e s  o f  th e  Lynnhaven 
Member from a l l u v i u m  and c o l l u v lu m ,  e s p e c i a l l y  a t  t h e  b o t to m  o f  s te e p  
and narrow stream v a l l e y s .  The Lynnhaven Member t h i n s  t o  a fea th e r -e dg e  
a long th e  Barren P o i n t  s c a rp  and i s  g e n e r a l l y  l e s s  th a n  3 m (10 f t )  
t h i c k  ( F i g u r e  1 2 ) .  However ,  t h e  u n i t  t h i c k e n s  towards th e  York R ive r  
and, e s p e c i a l l y ,  toward th e  Poropotank R ive r  where I t  a t t a i n s  a maximum 
measured t h i c k n e s s  o f  5 m ( I 6 . 5  f t )  (Appendix 1, Sec t ion  3 2 1 ) .  W i th in  
t h e  s t u d y  a r e a ,  t h e  Lynnhaven Member d I  scon fo rm ab  I y o v e r l i e s  t h e  
S e d g e f l e l d  Member o f  t h e  Tabb Fo rm a t ion ,  th e  S h i r l e y  f o rm a t io n ,  and th e  
Eastover Fo rm a t ion .
W i t h i n  t h e  s t u d y  a r e a ,  th e  Lynnhaven Member c o n s is t s  o f  a f l n l n g -  
upward sequence o f  g r a v e l l y  sand t o  modera te ly  s i l t y  c l a y e y  sand .  The 
b a s a l  u n i t  o f  t h e  Lynnhaven Member c o n s i s t s  o f  a 0 .3  t o  1 .8 m t h i c k  ( I  
t o  6 f t  t h i c k )  u n i t  o f  w h i t e  t o  y e l l o w i s h - g r a y ,  l o c a l l y  g r a v e l l y ,  
m o d e r a t e l y  t o  p o o r l y  s o r t e d ,  f i n e -  t o  v e r y - c o a r s e  g ra in e d ,  quar tzose  
sand. The g ra ve l  f r a c t i o n  o f  t h i s  u n i t  occurs  as s c a t t e r e d  g r a n u l e  t o  
p e a - s i z e d  g r a in s  which a re  p redom inan t ly  q ua r tzose .  Th is  u n i t  c o n ta in s  
about 2 pe rcen t  heavy m in e r a l s ,  commonly c o n c e n t ra te d  as la m in a e .  The 
c o a r s e  b a s a l  u n i t  f i n e s  upward In to  a 1 t o  3.1 m (3 t o  I0 .5  f t )  t h i c k
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u n i t  o f  l i g h t  g ray  t o  g ra y is h -o ra n g e ,  s l i g h t l y  c la y e y ,  modera te ly  s i l t y ,  
w e l l  s o r t e d ,  ve ry  f i n e -  t o  medium-grained sand. These modera te ly  s i l t y  
sands In te r to n g u e  w i th  c lean  quar tzose  sands a long th e  Poropo tank  R i v e r  
and w i t h  s a n d y  s i l t s  In  t h e  r i d g e  and s w a l e  a r e a  n o r t h  o f  t h e  
P o ro p o ta n k .  The f I n e r - g r a I n e d  sands o f  t h e  uppe r  Lynnhaven Member 
c o n t a i n  t r a c e  amounts  o f  heavy  m in e ra ls  and l o c a l l y  c o n ta in  s c a t te re d  
coarse  g r a i n s .  A lo n g  t h e  B a r re n  P o i n t  s c a r p ,  t h e  Lynnhaven Member 
c o n s i s t s  o f  p e b b ly  sand and c l e a n ,  w e l l  s o r t e d  sand c o n ta in in g  low- 
a n g le ,  p la n a r ,  heavy m inera l  c rossbeds .  Bedding, as es t im a ted  from hand 
a uge r  b o r i n g s ,  I s  m a s s iv e  In t h e  c l e a n  sand fa c ie s  t o  t h i n n l y  bedded 
(15 cm I n t e r v a l s )  In t h e  s l l t i e r  f a c i e s .
The Lynnhaven Member o f  t h e  Tabb F o r m a t io n  was depos i ted  In th e  
a n c e s t ra l  York R ive r  e s tu a ry  d u r in g  a g I a c l o e u s t a t I c  r i s e  In sea l e v e l .  
No r a d io m e t r i c  dates have been re p o r te d  on th e  M idd le  P e n in s u la ,  b u t  the  
Lynnhaven Member Is o f  s l i g h t l y  younger age than t h e  S e d g e f l e l d  Member 
and Is ass igned a l a t e  P le is t o c e n e  age.
Poquoson Member: W i th in  th e  s tudy  a rea ,  th e  Poquoson Member o f  the
Tabb F o r m a t i o n  u n d e r l i e s  th e  Pur tan  Is land  r i d g e  and swale a rea ,  which 
bo rde rs  th e  York R ive r  and ranges In e le v a t i o n  from 0 t o  2 . 4  m (0 t o  8 
f t ) .  T h i s  l a n d  s u r f a c e  i s  c h a r a c t e r i z e d  by  a r i d g e  and sw a le  
t o p o g r a p h y ,  w i t h  t h e  r i d g e s  r i s i n g  as much as 2 . 4  m (8  f t )  a b o v e  
i n t e r v e n i n g  s w a le s .  The r i d g e s  a r e  u n d e r l a i n  by s i l t y  sands o f  the  
Poquson Member and th e  t ro u g hs  a re  f i l l e d  w i th  H o locene  marsh o r g a n i c -  
r i c h  muds. The b o u n d a ry  be tween  t h e  Poquoson Member and t h e  o ld e r  
Lynnhaven Member Is I n d i s t i n c t ,  both  geomorphlea I Iy and I I t h o I o g  lea  I I y . 
However, In th e  v i c i n i t y  o f  Gable Branch, th e  Poquoson Member t h i n s  t o  a 
fe a th e r -e d g e  a long a d i s t i n c t i v e  scarp-1  Ike f e a t u r e .  Where n o t  removed
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by e ro s io n  which preceded Holocene I n f i l l i n g ,  t h e  Poquoson Member ranges 
In th i c k n e s s  from 0 .5  m ( I .5 f t )  beneath th e  t r o u g h s  t o  2 . 3  m ( 7 . 5  f t )  
b e n e a th  t h e  r i d g e s .  W i th in  t h e  s tudy  a re a ,  t h e  Poquoson Member o f  th e  
Tabb Formation d Isconformab I y o v e r l i e s  t h e  E a s t o v e r  F o r m a t i o n  and t h e  
Lynnhaven Member o f  th e  Tabb Form at ion .  In t u r n ,  t h e  Poquoson Member Is 
dIsconformab I y o v e r l a i n  by H o lo ce n e  m a rsh ,  b e a ch ,  and dune d e p o s i t s  
(F ig u re s  11 and 12) .
W i th in  th e  s tudy  a rea ,  th e  Poquoson Member c o n s i s t s  o f  l i g h t  g r a y  
t o  g r a y i s h - y e l l o w ,  m odera te ly  w e l l  t o  w e l l  s o r t e d ,  f i n e - g r a i n e d ,  s i l t y  
sands. These sands may c o n t a in  up t o  10 p e r c e n t  m e d iu m - s iz e d  g r a i n s  
s c a t t e r e d  t h r o u g h o u t .  The base o f  t h e  Poquoson Member Is  s l i g h t l y  
c o a rs e r -g ra in e d  and less we l l  s o r te d .  T h is  basal u n i t  commonly c o n ta in s  
s c a t te r e d  coarse  sand g r a in s  and Is l o c a l l y  pe bb ly .  The Poquoson Member 
c o n t a i n s  t r a c e  amounts  o f  heavy  m i n e r a l s  s c a t t e r e d  t h r o u g h o u t  and 
heavy m in e r a l  laminae near t h e  base. Away from th e  geomorphic boundary 
t h e  s i l t y  sands o f  th e  upper Poquoson Member l o c a l l y  I n t e r t o n g u e  w i t h  
more c l a y - r i c h  f a c i e s .
The Poquoson Member o f  t h i s  r e p o r t  is  e q u i v a le n t  t o  th e  s i l t y  sand 
f a c i e s  o f  th e  N o r fo lk  Formation (Johnson, 1972) and th e  Poquoson Member 
o f  Johnson ( I 9 7 6 ) .  I t s  r i d g e  and swale topography suggests  t h a t  i t  was 
depos i ted  as s t ra n d  l i n e  beaches o r  submerged r l v e r -m o u th  bars w i t h i n  an 
embayment o f  th e  a n c e s t ra l  York R ive r  e s tu a r y .  Because o f  I t s  r e l a t i v e  
p o s i t i o n  In t h e  s t r a t I g r a p h I c  column and I t s  low degree o f  w ea the r in g ,  
th e  Poquoson Member o f  th e  Tabb Format ion  Is tho u g h t  t o  be o f  a s l i g h t l y  
y o u n g e r  age t h a n  t h e  Lynnhaven Member, and Is t e n t a t i v e l y  ass igned an 
age o f  l a t e  P le is to c e n e .
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Holocene S eries
Sediments o f  Holocene age occur  a long lo w - l y in g  areas b o rd e r in g  th e  
York  R i v e r ,  a long a l l  major s tream v a l l e y s  o f  t h e  s tudy  area ( P la t e  I ) ,  
and o f f s h o r e  In th e  York R ive r  and lower Poropotank R iv e r .
The b u l k  o f  these  Holocene sediments c o n s i s t  o f  t i d a l  I y - I n f l u e n c e d  
marsh d e p o s i t s .  These d e p o s i t s  a re  p r e d o m i n a n t l y  d a rk  g r a y i s h - b r o w n ,  
o r g a n i c - r i c h ,  s i I t y  c l a y s  and c l a y e y  s i  I t s .  The base o f  these  t i d a l  
marsh d e p o s i t s  commonly  c o n s i s t s  o f  s e v e r a l  c e n t i m e t e r s  t o  s e v e r a l  
m e te rs  o f  d a r k  g r a y ,  o r g a n i c - r i c h ,  f i n e  t o  medium g ra ined  sands w i th  
s c a t te re d  coarse  g r a in s  and r a r e  s c a t te re d  pebb les .  These b a s a l  sands 
f i n e  upward I n t o  o r g a n i c - r i c h  muds c o n t a i n i n g  a h ig h  p e r c e n ta g e  o f  
w a te r .  The o r g a n i c - r i c h  muds l o c a l l y  c o n ta in  sandy l e n s e s ,  and become 
s a n d i e r  tow ards  f a s t  lands and In te rv e n in g  P le is to c e n e  r i d g e s .  Holocene 
marsh d e p o s i t s  t h i c k e n  f r o m  a f e a t h e r - e d g e  a l o n g  f a s t l a n d s  and 
P l e i s t o c e n e  r i d g e s  t o  ove r  4 m (12 f t )  In a ve ry  s h o r t  d is ta n c e  (F ig u re  
13) .  Holocene marsh d e p o s i t s  a ls o  f i l l  l o w - l y in g  areas o f  th e  r i d g e  and 
t r o u g h  a r e a ,  w h e r e  t h e y  a r e  le s s  t h a n  1 .5 m (5 f t )  t h i c k .  These 
d e p o s i ts  o r i g i n a t e d  th rough  b a c k f i l l i n g  o f  P le is t o c e n e  v a l l e y s  and o th e r  
lo w - l y in g  areas d u r in g  t h e  Holocene t r a n s g r e s s io n .
Freshwater  marsh d e p o s i t s  d e p o s i t s  o c c u r  above t h e  e l e v a t i o n  o f  
t i d a l  I n f l u e n c e .  These  s e d im e n ts  c o n s i s t  o f  o r g a n i c - r i c h  s i l t s  and 
c l a y s ,  and a re  c h a r a c t e r i z e d  by f re s h w a te r  dominated p la n t  c o m m u n i t i e s .  
Freshwater  marshes extend n e a r l y  t o  t h e  head o f  th e  Poropotank R ive r  and 
o th e r  ma jo r  t r i b u t a r i e s  o f  th e  s tudy  a re a .  Along such s t r e a m  va I l e y s ,  
t h e s e  marsh d e p o s i t s  a re  In te rsp e rse d  w i th  a l l u v i a l  sands and g r a v e l s .
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Small  I s o la te d  d e p o s i t s  o f  Holocene beach and dune sands occur  a long th e  
York R ive r  and th e  lower Poropotank R iv e r .
Holocene age s i l t y  sand, s h e l l y  g r a v e l ,  and o r g a n i c - r i c h  s i l t  a re  
found  w i t h i n  t h e  p r e s e n t  c h a nn e l  o f  th e  lower Poropotank R iv e r ,  w h i le  
s i l t y  f i n e  sand and s i l t  occur  o f f  t h e  mouth o f  t h e  P o r o p o t a n k  In t h e  
York R iv e r .
U nits  o f U ncertain  Age
I s o l a t e d  sand bo d ie s  c h a ra c te r i z e d  by a g e n t l e  r o l l i n g  topography 
are found upon th e  Ark p l a i n  (24 t o  30 m p la i n )  w i t h i n  t h e  s t u d y  a r e a .  
These sand b o d ie s  a r e  l i n e a r ,  t r e n d  a p p ro x im a te ly  p a r a l l e l  t o  th e  York 
R iv e r ,  and a re  found In c lo s e  p r o x im i t y  t o  th e  S u r r y  s c a r p .  The sands 
a re  f i n e -  t o  medium-gra ined, we l l  s o r t e d ,  q u a r tzose ,  and c o n ta in  a small  
amount o f  s i l t  and c l a y .  E x a m in a t i o n  unde r  a b i n o c u l a r  m ic ro s c o p e  
r e v e a l  t h a t  o v e r  50 p e r c e n t  o f  t h e  I n d i v i d u a l  sand g r a i n s  have a 
modera te ly  t o  h ig h l y  f r o s t e d  su r fa ce  t e x t u r e .  These sand b o d ie s  range  
In t h i c k n e s s  f rom  1 t o  3 . 3  m (3 t o  10 f t )  and a r e  devoid  o f  p r im ary  
sed imentary  s t r u c t u r e s .  These sand bod ies a b r u p t l y  o v e r l i e  more h i g h l y  
o x i d i z e d ,  f i n e r  g r a i n e d  s e d im e n ts  o f  t h e  W in d so r  and B a r h a m s v i l l e  
f o rm a t io n s .  T h e i r  sand-dominated l i t h o l o g y ,  geometry , and r e l a t i o n s h i p  
t o  o l d e r  s t r a t i g r a p h i c  u n i t s  s t r o n g l y  suggest t h a t  these  sand bod ies are 
e o l l a n  In o r i g i n .  P o s s i b l e  s o u rc e s  f o r  t h e s e  s a n d s  a r e :  1)  f r o m
b e a c h e s ,  s p i t s ,  o r  b a r s  o f  t h e  Y o rk  R i v e r  e s t u a r y  d u r in g  p e r io d s  o f  
e le va te d  sea l e v e l ,  and 2) f ro m  o u t c r o p s  o f  sandy u n i t s  a lo n g  v a l l e y  
w a l l s .  Winds t ra n s p o r te d  these  source sands up v a l l e y  w a l l s ,  where they  
were depos i ted  on h i g h e r  and o l d e r  land  s u r f a c e s  ( F i g u r e  1 4 ) .  T h i s
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WIND
Final, FjM tt.1 _ _  
SAND SOURCE
Loamy Sand
B
SAND SOURCE  
W IN D ------------->•
y  '>
Silty & Clayey Sediment
Loamy Sand Sediment
Wet Flood Plain
F ig u re  14. I d e a l i z e d  diagram d e p i c t i n g  t h e  n a t u r e  and o r i g i n  o f  e o l l a n  
d e p o s i t s  o f  t h e  s t u d y  a r e a :  A. s o u r c e  a re a  Is  a d ja c e n t  f l o o d  p la i n
d u r in g  a g g r a d a t i o n ;  B. s o u rc e  a re a  Is  a d j a c e n t  v a l l e y  w a l l  ( a f t e r  
D a n ie l s ,  Gamble, and B o u I , 1969).
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phenomena has a l s o  been r e p o r t e d  on t h e  Delmarva Pen insu la  (Owens and 
Denny, 1979) , In North C a ro l in a  (D a n ie ls  and Gamble, 1 9 7 0 ) ,  a lo n g  t h e  
Rappahannock R i v e r  (W .L .  N e w e l l ,  persona l  comm un ica t ion ) ,  and on Cape 
Cod (J .M .  Z e l g l e r ,  personal  communica t ion) .  S ince  t h e  o r i g i n  o f  t h e s e  
sand bod ies  Is Independent o f  aqueous p rocesses .  I t  Is  p o s s ib le  f o r  them 
t o  have a wide range In ages. However, w i t h i n  th e  s t u d y  a r e a ,  t h e y  do 
p o s t - d a te  th e  e a r l y  P le is to c e n e  age Windsor Fo rm at ion .
Col Iuv I  urn, r e s u l t i n g  from mass wastage, b la n k e ts  s lopes  t h r o u g h o u t  
a l a r g e  p o r t i o n  o f  t h e  s t u d y  a r e a ,  e s p e c i a l l y  a lo n g  de ep e r  s t re a m  
v a l l e y s .  T h is  c o l l u v lu m  Is  v a r i a b l e  In com pos i t ion  and n a tu r e ,  b u t  can 
u s u a l l y  be d i s t i n g u i s h e d  f r o m  o t h e r  l i t h o l o g l c  u n i t s  by p e b b le  
s t r i n g e r s ,  and by I t s  lack o f  s o r t i n g  o r  p r im a ry  sed imenta ry  s t r u c t u r e s .
DISCUSSION
DeposIt Iona I Environments
T h re e  g e n e r a l  phases In t h e  d e p o s l t i o n a l  h i s t o r y  o f  th e  area now 
occupied by th e  Poropotank R ive r  d ra inage bas in  are hereby d e f i n e d :  1)
t h e  o f f s h o r e  marine phase, rep resen ted  by th e  l a te  Miocene age Eastover 
Format ion  and th e  e a r l y  t o  m idd le  P l io c e n e  age Y o rk to w n  F o r m a t i o n ,  2) 
t h e  m a r g i n a l  m a r i n e  p h a s e ,  r e p r e s e n t e d  by t h e  l a t e  P l i o c e n e  age 
B a rh a m s v l l le  fo rm a t io n  and the  e a r l y  P le is to c e n e  age Windsor F o r m a t i o n ,  
and 3) t h e  f  I u v I a I - e s t u a r  i ne phase, represen ted  by t h e  m idd le  t o  la te  
P le is to c e n e  age Chuckatuck, S h i r l e y ,  and Tabb f o r m a t i o n s ,  a lo n g  w i t h  
H o lo ce n e  d e p o s i t s .  The P o ro p o ta n k  R i v e r ,  as t h e  f I u v I  a I - e s t u a r I n e  
system we now r e c o g n i z e ,  d id  n o t  e x i s t  u n t i l  t h e  m i d d l e  P l e i s t o c e n e  
( S h i r l e y  t i m e s ) ;  however, s in ce  th e  e a r l i e s t  development o f  th e  system 
was a f u n c t i o n  o f  a co m b in a t io n  o f  e v e n t s  w h ich  began as f a r  back as 
l a t e  M ioce n e  t i m e s ,  t h a t  p e r i o d  o f  t im e  preced ing ac tua l  fo rm a t io n  o f  
t h e  Poropotank R iv e r  Is hereby d iscussed .
The O f fs h o re  Mar ine D ep o s i t  Iona 1 Phase
The o l d e s t  s t r a t I  g r a p h i c  e v id e n c e  exposed In t h e  s t u d y  a re a  Is 
I n t e r c a l a t e d  c l a y e y  s i l t s  and s i l t y  sands o f  t h e  l a t e  M iocene  age 
Eastover  F o rm a t io n .  These s e d im e n ts  were d e p o s i t e d  as m a r l n e - s h e l f  
d e p o s i t s  w i t h i n  a b ro a d  d e p o s l t l o n a l  b a s in  known as t h e  A lb e m a r l e
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embayment.  The a x i s  o f  t h e  A lb e m a r le  embayment t r e n d s  n o r t h w e s t -  
s o u t h e a s t  ( f r o m  R ichm ond ,  V i r g i n i a  t o  t h e  H a t t e r a s  a re a  o f  N o r th  
C a r o l i n a )  and p lu n g e s  t o  t h e  s o u t h e a s t .  D u r i n g  d e p o s i t i o n  o f  t h e  
E a s to v e r  F o r m a t i o n ,  t h e  s t u d y  a re a  was w e l l  o f f s h o r e  and below wave 
base. T h i s  l o w - e n e r g y  m a r in e  e n v i r o n m e n t  Is  r e c o r d e d  by t h e  f i n e ­
g ra ined  and w e l l  s o r te d  n a tu re  o f  th e  sediments , a long w i th  th e  presence 
o f  abundan t  g l a u c o n i t e  and a d i v e r s e  m a r l n e - s h e l f  m o l l u s c a n  f a u n a l  
assembI age.
F o l lo w in g  d e p o s i t i o n  o f  th e  Eas tover  F o r m a t i o n ,  a p o r t i o n  o f  t h e  
A l b e m a r l e  embayment was sub jec ted  t o  a pe r io d  o f  emergence and a l t e r e d  
sed im e n ta t io n  r a t e s .  W i th in  th e  s tudy  a rea ,  t h i s  ep isode is  recorded as 
a deep Iy -burrowed c o n t a c t  between c la ye y  s i l t s  o f  th e  Eastover  Formation 
and s i l t y  sands o f  t h e  o v e r l y i n g  Yo rk to w n  F o r m a t i o n .  D e p o s l t i o n a l  
c o n d i t i o n s  and bas in  c o n f i g u r a t i o n  s i m i l a r  t o  those  o f  th e  l a t e  Miocene 
p e r s i s t e d  t h r o u g h o u t  t h e  e a r l y  and m id d le  P l i o c e n e  as t h e  Y o rk to w n  
F o r m a t i o n  was b e in g  d e p o s i t e d .  Formation o f  a broad subaqueous s h e l l  
bank t o  th e  e a s t  (Johnson and Peebles, 1983) is  rep resen ted  by th e  sandy 
coquina fa c ie s  o f  t h i s  s tu d y .  Over 15 m (50 f t )  o f  s i l t s  and s i l t y  f i n e  
sands were depos i ted  w h i l e  a d i v e r s e ,  w a rm - te m p e ra te  m o l l u s c a n  fa u n a  
p r o l i f e r a t e d  In t h e  r e l a t i v e l y  low-energy, sha l low  marine env ironment 
landward o f  th e  s h e l I  bank.
D e p o s i t i o n  o f  t h e  m a r in e  Eastover and Yorktown fo rm a t io n s  d u r in g  
l a t e  Miocene and e a r l y  t o  m i d d l e  P l i o c e n e  t i m e s  r e s u l t e d  In g r a d u a l  
f i l l i n g  and s h a l lo w in g  o f  t h e  A lbemar le  embayment. A l though  no t  p resen t  
In t h e  s tudy  a re a ,  t h e  Chowan R ive r  Formation o f  sou the rn -m os t  V i r g i n i a  
and n o r th e a s te rn  Nor th  C a r o l in a  Is b e l ie v e d  t o  r e p re s e n t  th e  l a s t  o f  th e  
warm s h a l lo w  seas t o  Inundate  l a r g e  p o r t i o n s  o f  t h e  A t l a n t i c  C o a s ta l
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P l a in  (B la ckw e ld e r ,  1980). Foss I11 fe rous  and g l a u c o n i t i c  s i l t y  sands o f  
th e  upper Yorktown Formation ( l a t e s t  m idd le  P l io c e n e )  a re  t h e  y o u n g e s t  
r e m a i n i n g  r e c o r d  o f  p u re l y  o f f s h o r e  mar ine d e p o s i t i o n  w i t h i n  th e  s tudy  
a rea.
The Marg ina l  Mar ine D ep o s i t  Iona I Phase
The end o f  t h i s  p ro longed p e r io d  o f  o f f s h o r e  m a r in e  d e p o s i t i o n  i s  
r e c o r d e d  by  a r e g i o n a l  d I  s c o n f o r m i t y  and by a m a rked  s h i f t  In 
d e p o s i t l o n a l  env i ronm en ts .  The d Is c o n fo r m i t y  rep re se n ts  a l a t e  P l io ce n e  
emergence d u r in g  which th e  emerged Yorktown sea f l o o r  was deeply  eroded. 
F l u v i a l  p ro c e s s e s  d o m in a te d  t h r o u g h o u t  t h i s  p e r i o d  and t h e  I n i t i a l  
d r a i n a g e  o f  t h e  a n c e s t r a l  Y o rk  R i v e r  ( p r o t o e s t u a r y )  was e s t a b l i s h e d .  
W i th in  th e  s tudy  a rea ,  t h i s  l a t e  P l io c e n e  emergence i s  r e c o rd e d  by an 
I r r e g u l a r  e ro s io n a l  s u r fa c e  on th e  top  o f  t h e  Yorktown Formation and by 
more deeply  In c is e d  v a l l e y s  t o w a r d s  t h e  p r e s e n t  York  R i v e r .  S t ream 
v a l l e y s  were p a r t i a l l y  f i l l e d  w i th  f l u v i a l  d e p o s i t s  c o n s i s t i n g  o f  p o o r l y  
s o r t e d ,  l o c a l l y  f e l d s p a t h i c ,  muddy sandy g r a v e l s  w i t h  c u t - a n d - f i I  I 
s t r u c t u r e s  and c l a y  r i p - u p  c l a s t s .  These d e p o s i ts  re p re se n t  th e  bed load 
zone, wherein t r a n s p o r t  Is p r i n c i p a l l y  by t r a c t i o n  o r  r o l l i n g  a lo n g  t h e  
ch a nn e l  b o t t o m .  D u r i n g  t h e  e n s u in g  sea leve l  r i s e ,  stream g ra d ie n ts  
were reduced  t o  t h e  p o i n t  t h a t  f l u v i a l  g r a v e l s  c o u ld  no l o n g e r  be 
t r a n s p o r t e d ,  and were l o c a l l y  entrapped and b u r ie d .  A d d i t i o n a l  ev idence 
has been found up s t re am  w i t h i n  t h e  Pamunkey R i v e r  v a l l e y  t o  f u r t h e r  
s u p p o r t  t h e  h y p o t h e s i s  t h a t  t h e  York  R i v e r  p ro to e s tu a ry  f i r s t  formed 
d u r in g  l a t e  P l io ce n e  t imes  (E .K .  Rader, personal commun ica t ion ) .
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Because o f  sea l e v e l  r i s e s  o f  p r o g r e s s i v e l y  l e s s  m a g n i tu d e ,  a 
p rog rad ing  c o a s t l i n e ,  o r  gradual  u p l i f t  o f  t h e  r e g i o n ,  t h e  s t u d y  a re a  
has n o t  been s i n c e  s u b j e c t e d  t o  p u r e l y  o f f s h o r e  m a r in e  c o n d i t i o n s .  
In s te a d ,  a complex and v a r ie d  assemblage o f  f l u v i a l ,  d e l t a i c ,  e s tu a r In e ,  
r e s t r i c t e d  m a r i n e ,  and marg ina l  mar ine sediments  were depos i ted  w i t h i n  
th e  s tudy  a rea .  T h is  heterogeneous assemblage o f  sed iments ,  d e f i n e d  as 
t h e  B a r h a m s v l I l e  fo rm a t io n  o f  t h i s  r e p o r t ,  reco rds  a complex h i s t o r y  o f  
d e p o s i t i o n  wherein r e l a t i v e  sea l e v e l  and t h e  r a t e  o f  n e t  d e p o s i t i o n  
v a r i e d  w i t h  r e s p e c t  t o  each o t h e r  o v e r  t i m e .  F e l d s p a t h l c  sands and 
l o c a l l y  c h e r t y  g r a v e l s  d e p o s i t e d  as f l u v i a l ,  d e l t a i c ,  and e s t u a r l n e  
s e d im e n ts  o f  t h e  a n c e s t r a l  Rappahannock p r o to e s tu a r y  u n d e r l i e  much o f  
th e  M idd le  Pen insu la  upland t o  t h e  no r th w e s t  o f  t h e  s tudy  a re a .  On t h e  
lower M idd le  P e n in su la ,  these  d e p o s i t s  grade eastward In to  an assemblage 
o f  i n t e r t i d a l ,  b a c k b a r r l e r ,  and l i t t o r a l  sed im ents .  On th e  lower M idd le  
P e n i n s u l a ,  a s e r i e s  o f  n o r th e a s t -s o u th w e s t  t r e n d in g  l i n e a r  topo g ra p h ic  
h ighs occurs  a t  e le v a t i o n s  g r e a t e r  than 33 m (100 f t ) .  E x a m in a t i o n  o f  
s e v e r a l  o f  t h e s e  f e a t u r e s  w i t h i n  t h e  s tudy  area revea led  t h a t  th e y  a re  
u n d e r la in  by s i l t y ,  w e l l  s o r te d ,  f i n e  sands l o c a l l y  e x h i b i t i n g  s m a l l -  
s c a l e  r i p p l e  c ro s s b e d s  a c c e n t u a t e d  by c l a y  lam in a e  and c l a y  c h ip s .  
These sands are  su g ge s t ive  o f  a t i d a l  l y  I n f l u e n c e d  e n v i r o n m e n t  where 
r e l a t i v e l y  le s s  s e d im e n t  i s  a v a i l a b l e  and rework ing  Is s t r o n g e r .  In 
modern env i ronm ents ,  smal l  r i p p l e  c r o s s b e d s  a r e  commonly  o b s e rv e d  In 
sandy I n t e r t i d a l  f l a t s  and s h o a l s .  Sands u n d e r l y in g  th e  l i n e a r  h ighs 
range in th ic k n e s s  from 4 t o  8 m (13 t o  25 f t ) ,  and grade l a t e r a l l y  I n to  
p r e d o m i n a n t l y  m o t t l e d  sandy s i l t s  and c l a y s  I oca I Iy  co n ta In  Ing ra re  
maserated p la n t  d e b r i s .  These s e d im e n ts  a r e  I n t e r p r e t e d  as b a r r i e r  
I s la n d  and b a c k b a r r l e r  d e p o s i t s ,  r e s p e c t i v e l y .  The b a r r i e r  Is land  sands
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o v e r l i e  I n te r  laminated c l a y s ,  s i l t s ,  and v e r y  f i n e  sands (A p p e n d ix  1; 
S e c t i o n s  SAL1 and GL01 ) . The u n i t  o f  I n t e r  laminated sand, s i l t ,  and 
c l a y  was mapped o v e r  a l a r g e  p o r t i o n  o f  t h e  s t u d y  a r e a ,  and was 
commonly e n c o u n te r e d  a t  e l e v a t i o n s  r a n g in g  from 18 m (60 f t )  t o  31 m 
(103 f t ) .  D esp i te  a maximum measured th i c k n e s s  o f  o n l y  4 m (14 f t )  In 
o u t c r o p ,  a much g r e a t e r  t h i c k n e s s  f o r  t h e  I n t e r  I ami nated u n i t  can be 
I n fe r r e d  based upon I t s  repeated occur rence  th ro u g h o u t  t h e  B a r h a m s v i l l e  
s e c t i o n  and t h e  p r e s e n c e  o f  c o r r e l a t i v e  s e d im e n ts  on th e  York-James 
Pen insu la  In excess o f  15 m (50 f t )  t h i c k .  The r e p e t i t i v e  sequence o f  
f i n e r  t o  c o a r s e r  g r a i n e d  lam in a e  and t h e  l a t e r a l  p e r s i s t e n c e  o f  t h i s  
u n i t  a re  su g ge s t ive  o f  some l a rg e -s c a le  t i d a l l y  in f lu e n c e d  e n v i r o n m e n t ,  
such as a t i d a l  f l a t .  Such t h i c k  accumula t ions  o f  t i d a l  f l a t  sediments 
suggest t h a t  t h e  r a t e  o f  aggrada t ion  was a p p ro x im a te ly  equal t o  th e  r a t e  
o f  sea l e v e l  r i s e  d u r i n g  t h i s  p e r io d  o f  t im e  (C.R. B e r q u l s t ,  personal 
communIca t Ion) .
A c c u r a te  and d e t a i l e d  I n t e r p r e t a t i o n  o f  th e  B a rh a m s v i l le  fo rm a t io n  
r e q u i r e s  I n v e s t i g a t i o n  on a r e g i o n a l  s c a l e ;  h o w e v e r ,  b a s e d  upon 
s t r a t i g r a p h  Ic  e v id e n c e  on t h e  low er  M i d d l e  P e n i n s u l a ,  th e  f o l l o w in g  
crude model is  o f f e r e d .  D u r i n g  l a t e  P l i o c e n e  t i m e s ,  s t re a m s  o f  t h e  
a n c e s t r a l  Yo rk  and Rappahannock d r a i n a g e  sys te m s  began d e p o s i t i n g  
f l u v i a l  and d e l t a i c  s e d i m e n t s  in  t h e  a r e a .  D u r i n g  an e n s u i n g  
g I ac I o e u s t a t i c  r i s e  In sea l e v e l ,  th e  B a rh a m s v i l le  sea t ransg ressed  th e  
M idd le  P e n in s u la ,  r e s u l t i n g  In th e  re d u c t io n  o f  s tream g r a d ie n t s  and th e  
e n t r a p m e n t  o f  f l u v i a l  s e d im e n ts  w i t h i n  s tream v a l l e y s .  Throughout a 
pro longed p e r io d  o f  B a r h a m s v i l l e  t i m e s ,  t h e  r a t e  o f  a g g r a d a t i o n  was 
n e a r l y  e q u a l l e d  by t h e  r a t e  o f  sea l e v e l  r i s e ,  r e s u l t i n g  In a broad 
c o a s t l i n e  o f  ve ry  low r e l i e f  and t h i c k  accum u la t ions  o f  lam in a te d  t i d a l
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f l a t  s e d im e n t s .  A r e l a t i v e l y  slow r a t e  o f  t r a n s g r e s s io n  coupled w i th  
r e l a t i v e l y  smal l  amounts o f  s e d im e n t  I n f l u x  r e s u l t e d  In r e w o r k i n g  o f  
sediments  a long th e  s h o r e l i n e  and fo rm a t io n  o f  a b a r r i e r  I s la n d  complex. 
V a r i a t i o n s  In th e  ra te s  o f  s e d i m e n t a t i o n  and sea l e v e l  r i s e  o c c u r r e d  
t h r o u g h o u t  t h i s  p e r i o d ,  r e s u l t i n g  In r e g io n a l  s h i f t s  o f  d e p o s l t i o n a l  
e n v i ro n m e n ts  and a com p lex  d i s t r i b u t i o n  o f  l l t h o f a c l e s .  A g l a c i o -  
e u s t a t l c  f a l l  In sea l e v e l  In l a t e s t  P l i o c e n e  t i m e s  r e s u l t e d  In th e  
s t r a n d in g  and d i f f e r e n t i a l  e ro s io n  o f  t h i s  B a rh a m s v i l le  c o a s ta l  complex.
In Windsor t im es  ( e a r l y  P le i s t o c e n e ) ,  a g I a c l o e u s t a t i c  r i s e  In sea 
leve l  r e s u l t e d  in th e  b a c k f l o o d i n g  o f  p r e e x i s t i n g  s t re a m  v a l l e y s  and 
eventua l  inu n d a t ion  o f  th e  lower M idd le  P e n in su la .  In th e  I n i t i a l  stage 
o f  m a r in e  t r a n s g r e s s i o n ,  s t r e a m  v a l l e y s  t h a t  had c u t  I n t o  t h e  
B a r h a m s v i l l e  land  s u r f a c e  were In u n d a te d  and s t r e a m  g r a d i e n t s  were 
re d u c e d  t o  t h e  p o i n t  t h a t  f l u v i a l  s e d i m e n t s  c o u l d  no l o n g e r  be 
t r a n s p o r t e d  a n d  w e re  e n t r a p p e d .  D u r i n g  t h e  e a r l y  s t a g e s  o f  
t r a n s g r e s s i o n , tw o  b r o a d - s c a l e  d e p o s l t i o n a l  e n v i r o n m e n t s  d e v e lo p e d  
w i t h i n  t h e  a r e a ,  1) a h ig h  e n e rg y  open m a r in e  e n v i ro n m e n t  a long th e  
a n c e s t r a l  c o a s t l i n e ,  and 2) a more s h e l t e r e d  embayed e n v i ro n m en t  w i t h i n  
th e  a n c e s t ra l  York R ive r  e s tu a ry  (F ig u re  15 ) .
As th e  Windsor sea t ra nsg ressed  th e  a rea ,  h igh energy c o n d i t i o n s  o f  
t h e  l a n d w a r d - m i g r a t i n g  n e a r s h o r e  zone r e s u l t e d  In t h e  e r o s i o n  and 
rew ork ing  o f  o ld e r  sed iments .  These s e d im e n ts  were r e d e p o s i t e d  as a 
c o a r s e - g r a i n e d  t r a n s g r e s s  Iv e  lag d e p o s i t  a t  t h e  base o f  t h e  Windsor 
Fo rm a t io n .  Th is  p e r io d  o f  i n i t i a l  mar ine t r a n s g r e s s i o n  Is  r e p r e s e n t e d  
by f i n e -  t o  c o a r s e - g r a i n e d ,  l o c a l l y  g r a v e l l y ,  c l e a n ,  q ua r tzose  sands. 
These sands e x h i b i t  l o w - a n g l e  c r o s s b e d s ,  heavy  m i n e r a l  l a m in a e ,  and 
graded bedding I n d i c a t i v e  o f  a beach o r  nearshore  env i ronm en t .
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G I a c lo e u s ta t I c  r i s e  In sea I eve
E s tu a r In e  Envi ronment
Inunda t ion  o f  s tream v a l l e y s ;  
r e d u c t io n  In st ream g r a d ie n t s  
& entrapment o f  f l u v i a l  
sedImentsi
T r a n s i t i o n  o f  v a l l e y  from 
f l u v i a l  t o  e s tu a r ln e  e n v i r o n ­
ment; a l t e r n a t i o n  o f  f l u v i a l  
& m a r In e - In f Iu e n c e d  e s tu a r ln e  
d e p o s i t i o n
♦
Continued In u n d a t io n  & 
fo rm a t io n  o f  t r a n s g re s s  Ive 
marsh env ironments
I
D e p o s i t i o n  o f  s i l t y  c la y e y  
sands under e s tu a r ln e  & 
embayed c o n d i t i o n s ;  sp o rad ic  
fo rm a t io n  o f  s m a l le r  f r i n g i n g  
marshes as r a t e  o f  sea leve l  
r i s e  decreases
♦
P ro g re ss ive  decrease In stream 
g r a d ie n t s  accompanied by 
I n f i l l i n g  w i th  p r o g r e s s i v e I y  
f i n e r  g ra in e d  sediments
Nearshore Mar ine Environment
Landward-m ig ra t ing  s h o r e l i n e ;  
e ro s io n  & rework ing  o f  r e l i c t  
sed iments ;  fo rm a t io n  o f  
t r a n s g re s s  Ive lag d e p o s i t
Transgress Ion o f  Windsor s h o r e l i n e  
over  r e l i c t  b a r r i e r  I s la n d  complex; 
comp I ex ,  t i d a l  Iy—I n f 1uenced near­
shore zone r e s u l t i n g  from occupa­
t i o n  and Inu n d a t io n  o f  r e l i c t  
topography
♦
Formation o f  b a r r i e r  Is land  
seaward o f  s tudy  a rea ,  g i v i n g  
r i s e  t o  more s h e l t e re d  & r e s t r i c t e d  
b a c k b a r r l e r  env ironment
t
I n f i l l i n g  o f  backbarr  
ment by p r o g r e s s i v e l y  
sedIments
e r  e n v l r o n -  
f l n e r  g ra ined
I
F a l l i n g  sea leve l  r e s u l t i n g  In s t r a n d in g  
and d i f f e r e n t i a l  e ro s io n  o f  Windsor system
F ig u re  15. G enera l ized  d e p o s l t i o n a l  model I l l u s t r a t i n g  p a r a l l e l
responses In th e  e s tu a r ln e  and nearshore mar ine env ironments  du r in g  
Windsor t im e .
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The contemporaneous env i ronment  o f  d e p o s i t i o n  was more com p lex  and 
v a r i e d  as t h e  a n c e s t r a l  Yo rk  R iv e r  v a l l e y  was Inundated. Rather  than 
th e  d i s t i n c t i v e  u n i t  o f  c l e a n  q u a r t z o s e  sands o f  t h e  c o a s t a l  z o n e ,  
c o n te m p o ra n e o u s  d e p o s i t s  w i t h i n  t h e  e s t u a r y  c o n s i s t  o f  In te rb e d d e d  
g r a v e l s ,  sands, s i l t s  and c l a y s .
As v a l l e y s  were In u n d a te d  In t h e  e a r l y  s tages o f  t r a n s g re s s  Ion, 
marshes became we l l  e s t a b l i s h e d .  W i th in  t h i s  low e n e rg y  e n v i r o n m e n t ,  
f i n e - g r a i n e d  sediments were depos i ted  and l o c a l l y  reworked by bu r row ing  
organ isms and e x te n s iv e  r o o t  p e n e t r a t i o n .  These t r a n s g r e s s  I ve marshes 
a re  r e p r e s e n t e d  near  th e  base o f  th e  Windsor Formation by a 1.2  m e te r -  
t h i c k  u n i t  o f  r i p p l e  laminated t o  massive s i l t y  c l a y  c o n ta in i n g  abundant 
b u r ro w s  and s i l t - f i l l e d  r o o t l e t  c a s t s .  As sea leve l  con t inu e d  t o  r i s e ,  
t h e  a n c e s t ra l  York R ive r  v a l l e y  was t rans fo rm ed  f rom a l o w - l y i n g  marsh 
e n v i r o n m e n t  t o  a f u l l y  submerged e s tu a ry .  Basal t ra n s g re s s  Ive marshes 
were drowned and covered by m o t t le d  c l a y e y  sands o f  e s t u a r l n e  o r i g i n .  
The o c c u r r e n c e  o f  d is c o n t in u o u s  s i l t y  c l a y  u n i t s  th ro u g h o u t  th e  f i n i n g -  
upward sequence s u g g e s t s  t h a t  f r i n g i n g  marshes may have f l a n k e d  t h e  
e s tu a ry  as I t  was be ing b a c k f i l l e d .
The I n t e r b e d d i n g  o f  mar I n e - I n f I u e n c e d  s e d im e n ts  ( w e l l  s o r t e d ,  
m a s s iv e ,  c l e a n  sa n ds )  w i t h  f l u v i a l  s e d im e n ts  ( p o o r l y  s o r t e d ,  muddy 
g ra v e ls  w i th  c l a y  pebbles)  t o g e th e r  w i th  th e  h igh degree o f  v a r i a b i l i t y  
w i t h i n  t h i s  u n i t  a r e  s u g g e s t i v e  o f  m ixed and f l u c t u a t i n g  c o n d i t i o n s .  
These sediments  reco rd  a complex h i s t o r y  o f  events  as th e  a n c e s t ra l  York 
R ive r  was t rans fo rm ed  from a f l u v i a l  t o  an embayed env i ronment .
As sea leve l  co n t inu e d  t o  r i s e ,  t h e  W in dso r  s h o r e l i n e  e v e n t u a l l y  
t r a n s g r e s s e d  t h e  r e l i c t  b a r r i e r  I s l a n d  complex o f  Barhamsvl I le  t im e .  
O ccu p a t io n  and I n u n d a t i o n  o f  t h i s  r e l i c t  t o p o g r a p h y  r e s u l t e d  In an
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I r r e g u l a r  c o a s t l i n e  w i t h  r e e n t r a n t  v a l l e y s  and I n l e t s .  As In d ica te d  by 
c le a n ,  w h i t e ,  q u a r t z o s e  sands w i t h  v a r i a b l y  o r i e n t e d  c r o s s b e d s ,  t h e  
n e a r s h o r e  zone was s u b j e c t  t o  a co m p le x  t i d a l  reg ime. A t  some p o in t  
d u r i n g  t h e  m a r in e  t r a n s g r e s s i o n  o f  W in dso r  t i m e ,  a b a r r i e r  I s l a n d  
com p lex  formed seaward o f  t h e  s tudy  area (Johnson, 1972; Oaks and Coch, 
1973). A f t e r  fo rm a t io n  o f  th e  b a r r i e r  Is land  complex, dune, b e a c h ,  and 
l i t t o r a l  s e d im e n ts  o f  t h e  p r e - b a r r i e r  S u r ry  c o a s t l i n e  p e r s is t e d  as a 
b a c k b a r r l e r  o r  m a in la n d  c o a s t .  The b road  b a c k b a r r l e r  e n v i r o n m e n t  
landw ard  o f  t h e  b a r r i e r  I s l a n d s  was f i l l e d  w i th  p r o g r e s s i v e l y  f i n e r -  
g ra ined  sediments o f  th e  upper Windsor Format ion .
The F I u v l a I - E s t u a r I n e  D e p o s l t i o n a l  Phase
F o l lo w in g  d e p o s i t i o n  o f  t h e  Windsor Formation In e a r l y  P l e i s t o c e n e  
t im e ,  g I a c l o e u s t a t i c  sea leve l  r i s e s  o f  p r o g r e s s i v e l y  less magni tude and 
gradua l  u p l i f t  o f  t h e  r e g i o n  (W .L .  N e w e l l ,  p e r s o n a l  c o m m u n ic a t i o n )  
r e s u l t e d  In a seaward  ( e a s t w a r d )  s h i f t  In th e  bas in  edge ( th e  shore­
l i n e ) .  A t  no t im e  In th e  remainder  o f  I t s  h i s t o r y  was t h e  s t u d y  a rea  
s u b j e c t e d  t o  o f f s h o r e  m a r in e  o r  r e s t r i c t e d  m a r in e  c o n d i t i o n s .  Th is  
p e r i o d  marks t h e  b e g i n n i n g  o f  t h e  f I u v I  a I - e s t u a r  I ne p h a s e  In  t h e  
d e p o s l t i o n a l  h i s t o r y  o f  th e  s tudy  a rea .  A n ce s t ra l  st ream v a l l e y s  o f  th e  
Poropotank R ive r  and o th e r  major  t i b u t a r l e s  were f i r s t  excavated  d u r i n g  
C h u c k a tu c k  t i m e .  These d ra inage  systems were most e x te n s iv e  and f u l l y  
developed as e s t u a r ie s  d u r in g  S h i r l e y  t i m e ,  and were r e o c c u p i e d  t o  a 
lesse r  e x te n t  d u r in g  Tabb and re c e n t  t im e .
With  each su ccess ive  r i s e  In sea leve l  and I n u n d a t i o n  o f  t h e  York  
R i v e r  v a l l e y ,  t r a n s g r e s s i n g  seas e roded  f a s t l a n d s  and reworked o ld e r
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s e d im e n t s .  V e r y  e a r l y  In  t h e s e  c y c l e s ,  when t h e  d e p o s l t i o n a l  
e n v i r o n m e n t  was domina ted  by f l u v i a l  p rocesses ,  co a rse -g ra In e d  channel 
d e p o s i t s  were r e s t r i c t e d  t o  s t r e a m  v a l l e y s .  A l t h o u g h  r e s t r i c t e d  In 
t h e i r  c o u r s e ,  s t re a m s  d id  m ig ra te  t o  a c e r t a i n  degree, as In d ica te d  by 
f e s t o o n  c r o s s  b e d d i n g ,  c h a n n e l  l a g  d e p o s i t s ,  and c u t - a n d - f i l l  
s t r u c t u r e s .  As sea l e v e l  c o n t i n u e d  t o  r i s e  and s t ream v a l l e y s  were 
Inundated, s tream g r a d ie n t s  were reduced t o  th e  p o in t  t h a t ,  under normal 
f lo w  reg imes,  co a rs e -g ra in e d  m a te r ia l  cou ld  no longer be t r a n s p o r t e d  and 
became e n t r a p p e d .  As seas t r a n s g r e s s e d  t h e  Y o rk  R i v e r  v a l l e y ,  a 
landward  m i g r a t i n g  h i g h - e n e r g y  nearshore  zone caused c l i f f  r e t r e a t  by 
e ro s io n  o f  f a s t l a n d s  and p l a n a t i o n  o f  o l d e r  land s u r f a c e s  above wave 
b a s e .  E roded s e d im e n ts  were r e w o rk e d  and d e p o s i t e d  as s h e e t -1  Ik e  
t r a n s g re s s  I ve lag d e p o s i t s .  T h is  p e r io d  o f  land s u r f a c e  p l a n a t i o n  and 
b a c k f l o o d i n g  o f  v a l l e y s  r e p r e s e n t s  t r a n s i t i o n  o f  t h e  sys te m  from a 
f I u v i a I - d o m in a te d  t o  an e s tu a r in e -d o m In a te d  env i ronment .
D u r i n g  t h e  e a r l y  o r  t r a n s i t i o n a l  s tage o f  e s tu a r ln e  encroachment,  
th e  l o w - l y i n g  b a c k f l o o d e d  v a l l e y s  were t i d a l l y  i n f l u e n c e d  ( l o c a l l y  
re c o rd e d  by t h i n l y  I nterbedded u n i t s  near th e  base o f  f o r m a t i o n s ) ,  and 
marshes became e s ta b l i s h e d  ( l o c a l l y  recorded by o r g a n i c - r i c h  sands and 
s i l t y  c l a y s  w i t h  r o o t l e t s ) .  W i th  co n t inu e d  sea leve l  r i s e ,  t h i s  low- 
l y i n g  marshy  e n v i r o n m e n t  was drowned and b u r i e d  b e n e a th  e s t u a r l n e  
s e d i m e n t s  d e r i v e d  f ro m  s h o r e l i n e  e r o s i o n  and f l u v i a l  i m p o r t a t i o n .  
Because o f  t h e  r e s t r i c t e d  n a t u r e  o f  t h e  d e p o s l t i o n a l  b a s in  ( t h a t  I s ,  
s t r e a m  v a l l e y s )  and t h e  p r o g r e s s i v e  decrease In th e  e n e r g e t i c s  o f  th e  
system ( t h a t  i s  decreas ing  stream g r a d i e n t s ) ,  th e  York R iv e r  v a l l e y  and 
I t s  t r i b u t a r i e s  a c t e d  as s e d im e n t  t r a p s .  W i t h i n  t h i s  lo w - e n e r g y  
r e s t r i c t e d  env i ronm en t ,  e s tu a r ln e  sed iments  c o n s i s t i n g  o f  homogenous and
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m o t t l e d  sa n d s ,  s i l t s ,  and c l a y s  accumula ted .  These e s tu a r ln e  d e p o s i ts  
were  d e r i v e d  p r i n c i p a l l y  f r o m  s e t t l i n g  o f  f i n e - g r a i n e d  s e d i m e n t s ,  
t r a n s p o r t e d  as suspended load, and from c o a rs e -g ra in e d  m a te r ia l  d e r ive d  
from e ro s io n  o f  f a s t l a n d s .  In a d d i t i o n ,  c o a r s e r - g r a  I ned r i v e r - b o r n e  
m a t e r i a l ,  t r a n s p o r t e d  as bed load, was In t roduced  t o  th e  e s tu a ry  du r in g  
p e r io d s  o f  h igh f r e s h w a t e r  I n f l o w ,  and became I n c o r p o r a t e d  I n t o  t h e  
e s tu a r ln e  sediment reg ime.  T h is  phenomena has been documented by Na ta le  
(1982) f o r  modern sediments o f  t h e  Rappahannock R i v e r  e s t u a r y .  P o i n t  
b a r  d e p o s i t s  n e a r  t h e  mouth o f  t h e  P o r o p o ta n k  R i v e r  a t t e s t  t o  t h e  
m e a nd e r in g  o f  s t re a m s  d u r i n g  t i m e s  o f  r e d u c e d  s t r e a m  g r a d i e n t s .  
T h r o u g h o u t  t h i s  p e r i o d  o f  e s t u a r l n e  d e p o s i t i o n ,  b u r ro w ing  organisms 
re w o rke d  s e d im e n t s ,  t h u s  a c c o u n t i n g  f o r  t h e  m o t t l e d  t o  homogenous 
a p p e a r a n c e  o f  t h e  u n i t s  ( F i g u r e  1 6 ) .  As t h e  r a t e  o f  a g g r a d a t i o n  
e q ua l le d  o r  exceeded th e  r a t e  o f  sea leve l  r i s e ,  th e  York R iv e r  e s t u a r y  
was e v e n t u a l l y  f i l l e d  w i t h  p r o g r e s s i v e l y  f i n e r - g r a i n e d  s e d im e n t s .  
Streams were reduced t o  s l o w - f l o w in g  m e a n d e r in g  c o u r s e s ,  and f r i n g i n g  
marshes became e s ta b l i s h e d  a long th e  f l a n k s  o f  v a l l e y s .
With each ensuing f a l l  In sea l e v e l ,  f l o o d p l a i n s  o f  th e  P o ro p o ta n k  
R i v e r  and upper  Yo rk  R i v e r  became perched w i th  re s p e c t  t o  th e  p r im ary  
base leve l  ( t h e  Susquehanna R ive r  v a l l e y )  and streams downcut In to  o ld e r  
u n i t s .  The r a t e  a t  which sea leve l  f e l l  was such t h a t  streams expended 
less energy energy In l a t e r a l  e ro s io n  and s t r e a m  m i g r a t i o n .  I n s t e a d ,  
e r o s i o n a l  d o w n c u t t i n g  became t h e  d o m in a n t  process and streams became 
r e s t r i c t e d  t o  deep narrow v a l l e y s .  T h is  phenomena o f  re d uce d  meander­
ing ,  r a p i d l y  I n c i s in g  s t reams,  and perched loca l  base le v e l s  a l lowed f o r  
p re s e rv a t i o n  o f  th e  s t r a t i g r a p h I c  reco rd  w i t h i n  most s t r e a m  v a l l e y s  o f  
th e  s tudy  area.
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CONCLUSIONS
Geomorpho logy  and s+ ra+ ig raphy  p ro v id e  ev idence f o r  seven complete  
c y c le s  o f  t r a n s g r e s s io n  and re g re s s io n  In t h e  Poropotank R iv e r  d r a i n a g e  
b a s i n .  The t r a n s g r e s s  I ve p o r t i o n s  o f  these  c y c le s  are  rep resen ted  by 
t h e  York town, B a rh a m s v i l le ,  Windsor,  Chuckatuck, and S h i r l e y  fo rm a t io n s ,  
and by t h e  S e d g e f ie ld ,  and Lynnnhaven members o f  t h e  Tabb Fo rm a t ion .  A 
sea leve l  o s c i l l a t i o n  o f  c o m p a ra t i v e ly  less magni tude and d u r a t i o n ,  o r  a 
s t l l l s t a n d  In sea l e v e l  Is  r e p r e s e n t e d  by th e  Poquoson Member o f  th e  
Tabb Fo rm a t ion .  Only th e  uppermost p o r t i o n  of t h e  E a s t o v e r  F o r m a t io n  
c r o p s  o u t  w i t h i n  t h e  s t u d y  a r e a ,  th u s  a comple te  g e o lo g ic  h i s t o r y  f o r  
l a t e  Miocene t im e  Is beyond th e  scope o f  t h i s  s t u d y .  A t  t h e  o t h e r  end 
o f  t h e  t i m e  s c a le ,  Holocene d e p o s i t s  o f  th e  area reco rd  a t r a n s g re s s io n  
t h a t  Is s t i l l  In p ro g re ss .
E v id e n c e  o f  t h e s e  t r a n s g r e s s  I v e - r e g r e s s  I ve c y c le s  e x i s t s  In th e  
form o f  s t randed  r e l i c t  s h o r e l i n e s  (sca rps )  and assoc ia ted  d e p o s l t i o n a l  
s u r f a c e s  ( p l a i n s  and b enches )  t h a t  a re  u n d e r l a i n  by f i n i n g - u p w a r d  
sed imenta ry  sequences bounded by d I  s co n fo rm 1 1 1 e s  ( a I I o s t r a t I  g ra ph  Ic  
u n i t s ) .  These geom orph lc  f e a tu re s  and s t r a t i g r a p h  ic  u n i t s  were formed 
d u r in g  g l a c l o e u s t a t I c  o s c i l l a t i o n s  In sea l e v e l  t h r o u g h o u t  t h e  l a t e  
C e n o z o lc .  I n c r e a s i n g l y  o ld e r  fo rm a t io n s  and geomorphic fe a tu re s  occur  
a t  i n c r e a s i n g l y  h i g h e r  e l e v a t i o n s  w i t h i n  t h e  s t u d y  a r e a .  T h i s  
r e l a t i o n s h i p  can be a t t r i b u t e d  t o  sea leve l  r i s e s  o f  p rogress  I ve I y less 
magni tude ,  t o  g radua l  u p l i f t  o f  t h e  a rea ,  o r  t o  a c o m b i n a t i o n  o f  b o t h .  
Pa Ie o g e o g ra p h  Ic r e c o n s t r u c t i o n s  show ing  t h e  v a r i o u s  s t a g e s  o f  sub­
mergence on th e  M idd le  Pen insu la  a re  presented  In F ig u re s  16 and 17.
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D u r in g  l a t e  M ioce n e  t i m e ,  t h e  s t u d y  a re a  was covered by a warm, 
s h a l l o w  sea t h a t  o c c u p ie d  s o u t h e a s t  V i r g i n i a  and n o r t h e a s t  N o r t h  
C a r o l i n a .  A d i v e r s e  m a r in e  fauna p r o l i f e r a t e d  as t h e  s i l t y  sands and 
c la y e y  s i l t s  o f  th e  Eastover  Formation were be ing d e p o s i te d .
M a r in e  d e p o s i t i o n  ceased In l a t e  M io ce n e  t i m e  when t h e  reg ion  
became emergent.  T h is  p e r io d  o f  emergence Is  r e c o r d e d  by a r e g i o n a l  
d I s c o n fo r m l t y  o v e r l a i n  by a coarse  g ra ined  lag d e p o s i t  u p -d lp  and t o  th e  
south o f  th e  s tu d y  a re a ,  by a burrowed c o n ta c t  between s i  I t s  and sands 
w i t h i n  t h e  s t u d y  a r e a ,  and by t h e  e x t i n c t i o n  o f  t h e  mol luscan spec ies  
Isognomon max I I I a t a . The re g io n  remained emerged f o r  a p p ro x im a te ly  fo u r  
m i l l i o n  years ( B Ia ckw e Id e r , 1981).
In e a r l y  P l io c e n e  t im e  th e  warm, sh a l lo w  Yorktown sea t r a n s g r e s s e d  
t h e  r e g i o n .  From e a r l y  t o  m idd le  P l io c e n e  t i m e ,  f i n e  sand and s i l t  were 
depo s i te d  In th e  s tudy  area as a d iv e r s e  mar ine fauna t h r i v e d  on th e  sea 
f l o o r .  S h a l l o w i n g  o f  t h e  Yorktown sea, r e s u l t i n g  from p ro g ra d a t io n  o f  
sediments  from th e  west ( t h e  s i l t y  sand f a c i e s  o f  t h i s  r e p o r t )  a n d / o r  
f a l l i n g  sea l e v e l ,  was accompanied by development o f  a broad submarine 
s h e l l  b a r  ( t h e  c o q u in a  f a c i e s  o f  t h i s  r e p o r t )  w h ic h  e x te n d e d  f r o m  
C h u c k a t u c k  t o  t h e  e a s t e r n  p o r t i o n  o f  t h e  s t u d y  a r e a .  L a te  m i d d l e  
P l io c e n e  s e d im e n ts  o f  t h e  uppe r  Y o rk to w n  F o r m a t i o n  r e c o r d  t h e  l a s t  
occu r rence  o f  p u re ly  o f f s h o r e  mar ine c o n d i t i o n s  w i t h i n  t h e  s tudy  a rea .
F a l l i n g  sea leve l  r e s u l t e d  In f u r t h e r  s h a l l o w i n g  o f  t h e  Yo rk to w n  
sea fo l lo w e d  by emergence o f  t h e  sea f l o o r .  T h is  p e r io d  o f  emergence Is 
r e c o r d e d  by t h e  e x t i n c t i o n  o f  many m o l l u s c a n  s p e c i e s  and g e n e r a  
(B lackw e Id e r ,  1980) and by a r e g io n a l  d I s c o n f o r m l t y  f o l lo w e d  by a marked 
s h i f t  In d e p o s i t  Iona I regimes w i t h i n  th e  s tudy  a re a .
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F o l l o w i n g  d e p o s i t i o n  and e m e r g e n c e  o f  t h e  m a r in e  Y o rk to w n  
Fo rm a t io n ,  a comp lex ly  d i s t r i b u t e d  h e te ro g e n e o u s  asse m b la g e  o f  c l a y ,  
s i l t ,  s a n d ,  and g r a v e l  was d e p o s i t e d  In t h e  a re a  ( t h e  B a r h a m s v l l l e  
f o r m a t i o n  o f  t h i s  r e p o r t ) .  D u r i n g  t h i s  m a r in e  t  r  an sg r  es s I on and 
r e s u l t i n g  d e p o s i t i o n  o f  th e  B a rh a m s v l l le  f o rm a t io n ,  sea leve l  rose  t o  a 
maximum e l e v a t i o n  o f  52 m (170 f t ) .  A t  maxlmumm se a  l e v e l ,  t h e  
B a r h a m s v l l l e  s h o r e l i n e  o c c u p ie d  t h e  Broad Rock s c a rp ,  loca ted  t o  th e  
west In th e  v i c i n i t y  o f  Richmond (G.H. Johnson, personal  com m un ica t ion ) .  
The I n t e r I  am In a te d  t o  I n t e r b e d d e d  c l a y ,  s i l t ,  and sand f a c ie s  o f  th e  
B a rh a m s v l l le  fo rm a t io n  are  In te r p r e te d  as t I d a  I I y - I n f  I uenced n e a r s h o r e  
d e p o s i t s ,  w h i l e  t h e  sand and g r a v e l  f a c i e s  a r e  f I u v I  a I - e s t u a r I n e  
d e p o s i t s  d e po s i te d  a lo n g  t h e  York  p r o t o e s t u a r y  and I t s  t r i b u t a r i e s .  
T h i s  h e t e r o g e n e o u s  a s s e m b l a g e  o f  s e d i m e n t s  r e p r e s e n t s  a m a jo r  
submergence w i t h i n  t h e  a r e a ,  and d e p o s i t i o n  c o n t i n u e d  I n t o  t h e  l a t e  
P l i o c e n e .  The B a r h a m s v l l l e  f o r m a t i o n  f i r s t  formed th e  fo u n d a t io n  o r  
c o re  o f  t h e  a n c e s t ra l  M idd le  P e n i n s u l a ,  and I t  p e r s i s t s  t o d a y  as t h e  
Pampa up land .
F o l lo w in g  d e p o s i t i o n  o f  th e  B a rh a m s v l l le  fo rm a t io n  In l a t e  P l io ce n e  
t i m e ,  t h e r e  o c c u r r e d  a p e r io d  o f  emergence and e ro s io n  which con t inu e d  
I n t o  th e  e a r l y  P le i s t o c e n e .  F u r th e r  entrenchment a long th e  a x i s  o f  t h e  
Y o rk  R i v e r  p ro to e s tu a ry  occur red  th ro u g h o u t  t h i s  p e r io d ,  b u t  no t  t o  th e  
e x te n t  o f  e s t a b l i s h in g  th e  d ra inage  network as I t  now e x i s t s .
A g I a c l o e u s t a t I c  r i s e  In sea l e v e l  In e a r l y  P l e i s t o c e n e  t im e ,  
e v e n t u a l l y  r e s u l t e d  In Inunda t ion  o f  most o f  t h e  s t u d y  a r e a .  As t h i s  
r i s e  In sea l e v e l  began, P le i s t o c e n e  seas t ra n g re sse d  th e  o ld e r  eroded 
land  s u r f a c e  and wave p l a n a t l o n  r e m o v e d  t h e  u p p e r  B a r h a m s v l l l e  
f o r m a t i o n .  O lder  sediments were reworked and depo s i te d  as th e  basal lag
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d e p o s i t  o f  t h e  lower Windsor Fo rm a t ion .  Dur ing  th e  e a r l y  s tages o f  t h i s  
t r a n s g r e s s i o n ,  sands accumulated In a sh a l lo w  mar ine env ironment a long 
th e  c o a s t ,  w h i l e  muddy sands and muds a c c u m u la te d  as c h a nn e l  f i l l  and 
marsh d e p o s i t s  In t h e  r e s t r i c t e d  marine t o  e s tu a r ln e  env ironment o f  th e  
York R iv e r  p r o t o e s t u a r y .  As sea leve l  rose  t o  a maximum o f  30 t o  33 m 
(100  t o  110 f t ) ,  t h e  s h o r e l i n e  occupied th e  S u r ry  scarp (F ig u r e  17a).  
Most o f  t h e  s tu d y  area was submerged a t  t h i s  t im e  and th e  area t h a t  was 
t o  become t h e  P o r o p o t a n k  R i v e r  d r a i n a g e  b a s in  e x i s t e d  as a s h a l lo w  
embayment. Dur ing  th e  30 t o  33 m ( I0 0  t o  MO f t )  h igh  s ta n d ,  th e  f i n e r -  
g r a i n e d  f a c i e s  o f  t h e  u p p e r  W in d so r  F o r m a t i o n  a c c u m u la te d  beh ind  a 
b a r r i e r  i s la n d  complex t h a t  e x is t e d  t o  th e  eas t  In th e  p re se n t  v i c i n i t y  
o f  t h e  S u f f o l k  s c a r p  (Johnson, I972; Oaks and Coch, I973 ) ,  w h i l e  s i l t y  
f i n e  sands accumulated as nearshore  and dune d e p o s i t s  a lo n g  t h e  S u r r y  
s c a r p .
F o l l o w i n g  f o r m a t i o n  o f  t h e  S u r r y  s c a r p  and d e p o s i t i o n  o f  t h e  
W in d so r  F o r m a t i o n  In e a r l y  P l e i s t o c e n e  t im e ,  a g I ac Io e u s ta t  Ic f a l l  in 
sea leve l  o c c u r re d .  Dur ing  t h i s  majo r  e m ergence ,  sea l e v e l  was b e lo w  
t h a t  o f  p r e s e n t  (Oaks  and Coch,  I973 )  and s t re a m s  began t o  e ro d e  
headward In to  up lands u n d e r la in  by th e  Windsor Fo rm a t ion .  I t  was d u r in g  
t h i s  p e r i o d  o f  emergence t h a t  th e  f i r s t  v a l l e y s  o f  th e  a n c e s t ra l  Bland 
Creek,  Goalders  Creek, and Poropotank R ive r  were excavated .
In m i d d l e  P l e i s t o c e n e  t i m e ,  a g I a c I o e u s t a t I c  r i s e  In sea leve l  
r e s u l t e d  in  I n u n d a t i o n  o f  t h e  York  R i v e r  v a l l e y  ( F i g u r e  1 7 b ) .  A t  
maximum sea l e v e l  o f  20 t o  21 m (65 t o  70 f t ) ,  t h e  s h o r e l i n e  occupied 
th e  S h a ck le fo rd s  scarp as s e d im e n ts  o f  t h e  C h u c k a tu c k  f o r m a t i o n  were 
b e in g  d e p o s i t e d  o f f s h o r e .  As sea leve l  rose and st ream g ra d ie n t s  were 
reduced, th e  York R i v e r  e s t u a r y  and low er  r e a c h e s  o f  t h e  P o r o p o ta n k
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R i v e r ,  G lebe  Swamp, and B la n d  Creek  were g r a d u a l l y  b a c k f i l l e d  w i th  a 
f I n  Ing-upward sequence o f  f l u v i a l  and e s tu a r ln e  sed iments .
F o l l o w i n g  t h i s  p e r i o d  o f  d e p o s i t i o n ,  sea l e v e l  a g a in  f e l l  and 
streams began e ro d in g  In to  th e  a g g ra d a t lo n a l  s u r f a c e  o f  t h e  C h u c k a tu c k  
f o r m a t i o n .  S i g n i f i c a n t  a m o u n t s  o f  s e d i m e n t s  were f l u s h e d  f rom  
t r i b u t a r i e s  o f  th e  York R iv e r  as loca l  base leve l  was low e re d  f ro m  t h e  
C h u c k a t u c k  a g g r a d a t l o n a l  s u r f a c e  (20 m o r  65 f t  e l e v a t i o n )  t o  t h e  
tha lwegs o f  p r e - S h i r l e y  streams (6 m o r  18 f t  e l e v a t i o n ) .
In l a t e  m i d d l e  P l e i s t o c e n e  t i m e  o r  a p p r o x i m a t e l y  180,000 years 
b e fo re  p re se n t  (Mixon and o t h e r s ,  1982) ,  a g I ac l o e u s t a t  I c r i s e  In sea 
l e v e l  r e s u l t e d  In In unda t ion  o f  t h e  York R ive r  v a l l e y  (F ig u re  18a) .  As 
sea leve l  rose  t o  a maximum o f  14 m (45 f t ) ,  t h e  s h o r e l i n e  o c c u p ie d  t h e  
C la y  Bank S ca rp  and m a jo r  t r i b u t a r i e s  t o  t h e  Y o rk  R i v e r  e x i s t e d  as 
r e e n t r a n t  v a l l e y s .  D ur ing  l a t e  m i d d l e  P l e i s t o c e n e  t i m e ,  t h e  E a s te r n  
S h o r e  o f  V i r g i n i a ,  w h ich  had been g ro w in g  s o u t h w a r d ,  e x i s t e d  as a 
b a r r i e r  i s la n d  and s p i t  complex. Dur ing  t h i s  t im e ,  th e  area o f f s h o r e  o f  
t h e  Y o r k  R i v e r  u n d e r w e n t  a t r a n s i t i o n  f r o m  an open m a r in e  t o  a 
r e s t r i c t e d  mar ine o r  bay env i ronm en t .  I n i t i a l  t r a n s g r e s s io n  r e s u l t e d  in 
t h e  b a c k f i l l i n g  o f  v a l l e y s  w i t h  sands, g r a v e l s ,  and marsh d e p o s i t s  o f  
t h e  lower  S h i r l e y  f o r m a t i o n .  W i th  I n c r e a s e  in  se a  l e v e l ,  s t r e a m  
g r a d ie n t s  a long t h e  York R iv e r  e s tu a ry  and i t s  t r i b u t a r i e s  were reduced, 
and v a l l e y s  were  g r a d u a l l y  f i l l e d  w i t h  a f I n I n g - u p w a r d  sequence  o f  
e s tu a r ln e  sediments  o f  t h e  S h i r l e y  fo r m a t io n .
F o l lo w in g  d e p o s i t i o n  o f  t h e  S h i r l e y  f o r m a t i o n ,  a g I ac l o e u s t a t  i c 
f a l l  In sea l e v e l  o c c u r re d  and streams began e ro d in g  t h e  a g g ra d a t lo n a l  
s u r fa c e  o f  t h e  S h i r l e y  fo rm a t io n  and o l d e r  land  s u r f a c e s .  D u r i n g  t h i s  
e m ergence ,  l a r g e  amounts  o f  sed im en t  were f lu s h e d  from t r i b u t a r i e s  o f
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t h e  Yo rk  R i v e r  as l o c a l  base  l e v e l  was l o w e r e d  f r o m  t h e  S h i r l e y  
a g g r a d a t l o n a l  s u r fa c e  (13 m o r  40 f t  e le v a t i o n )  t o  th e  tha lwegs  o f  p re -  
S e d g e f le ld  s treams ( - 0 . 3  m o r  -1 f t  e l e v a t i o n ) .
A g I ac l o e u s t a t  Ic  r i s e  In sea l e v e l  In l a t e  P le is t o c e n e  t im e ,  o r  
62,000 t o  80,000 years  b e fo re  p re sen t  (Mixon and o th e r s ,  1982) ,  r e s u l t e d  
in  t h e  In u n d a t io n  o f  t h e  York and Poropotank r i v e r s .  As sea leve l  rose  
t o  a maximum e l e v a t i o n  8 t o  9 m (25 t o  30 f t )  ( J o h n s o n ,  1 9 7 6 ) ,  t h e  
s h o r e l i n e  occupied th e  Barren P o i n t  sca rp .  Dur ing  t h i s  p e r io d ,  f l u v i a l  
and e s t u a r ln e  sediments  o f  t h e  S e d g e f le ld  Member o f  t h e  Tabb F o r m a t i o n  
were d e p o s i t e d  In r e l a t i v e l y  s h a l lo w  waters  o f  a broad meander o f  th e  
York R ive r  e s tu a ry .
F o l l o w i n g  d e p o s i t i o n  o f  t h e  S e d g e f l e l d  Member, a g lac l o e u s ta t  Ic 
f a l l  In sea leve l  occu r red  and th e  s tudy  area emerged. L i t t l e  e v id e n c e  
o f  t h e  s t r a t  Ig r a p h  Ic  and geomorphlc record  f o r  S e d g e f ie ld  t im e  remains 
w i t h i n  t h e  s t u d y  a r e a ,  so l i t t l e  can be s a i d  a b o u t  t h i s  e a r l y  l a t e  
P le is to c e n e  t r a n s g re s s  I v e - r e g r e s s I v e  c y c l e .
F o l lo w in g  pos t-Sedgef  le I d emergence, a g I ac l o e u s t a t  I c r i s e  In sea 
l e v e l  o c c u r r e d .  As t h e  Tabb e s tu a ry  t ra nsg ressed  th e  a rea ,  th e  upper 
p o r t i o n  o f  t h e  S e d g e f ie ld  Member was eroded and re d ep o s i te d  as f l u v l a l -  
e s t u a r i n e  sediments o f  t h e  Lynnhaven Member. A t  maximum sea leve l  r i s e  
o f  5 .5  m (18 f t ) ,  t h e  s h o r e l i n e  o c c u p ie d  and e roded  t h e  B a r r e n  P o i n t  
scarp o f  t h e  s tudy  a re a .
Toward th e  end o f  Lynnhaven t im e ,  sea leve l  began f a l l i n g  f ro m  t h e  
5 . 5  m (18 f t )  maximum. As f a l l i n g  sea leve l  approached an e le v a t i o n  o f
2 .4  m (8 f t ) ,  a m inor  o sc l  I l a t l o n  In sea l e v e l  o r  a s t  I I ( s t a n d  In sea 
l e v e l  o c c u r r e d .  I t  was d u r i n g  t h i s  t im e  t h a t  an I n d i s t i n c t  geomorphlc 
boundary formed, and th e  s i l t y  sands o f  th e  Poquoson Member o f  t h e  Tabb
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F o r m a t i o n  w e r e  d e p o s i t e d  In  a v e r y  s h a l l o w  e s t u a r l n e  and beach 
e n v i r o n m e n t .  As sea l e v e l  c o n t i n u e d  t o  f a l l ,  f u r t h e r  d e p o s i t i o n  
r e s u l t e d  In a s e r i e s  o f  l i n e a r  beach r i d g e s  o r  r i v e r  mouth bars  ( t h e  
r i d g e  and swale area o f  th e  s tudy  a r e a ) .
A t  t h e  t im e  o f  maximum WI scons I nan g l a c i a t i o n  (a p p ro x im a te ly  17,000 
years ago) ,  sea leve l  was 93 m (305 f t )  below t h a t  o f  p re sen t  ( Z e l l m e r ,  
1979) and t h e  o c e a n i c  s h o r e l i n e  was loca ted  t o  th e  e a s t  on th e  p re sen t  
c o n t i n e n t a l  s h e l f .  The s tudy  area was f u l l y  emergent d u r in g  t h i s  t i m e ,  
and t h e  York R ive r  and I t s  t r i b u t a r i e s  were reduced t o  st reams occupying 
deep narrow v a l l e y s .  Large amounts o f  s e d im e n t  were  f l u s h e d  f ro m  t h e  
sys tem  and f l u v i a l  processes r e s u l t e d  In I n c i s i o n  o f  t h e  York R iv e r  t o  
a p p ro x im a te ly  -10 m ( -32  f t )  w i t h i n  th e  s tudy  a rea .
The H o lo ce n e  r i s e  In sea l e v e l  has r e s u l t e d  In b a c k f i l l i n g  o f  
d e e p e r  P l e i s t o c e n e  v a l l e y s  w i t h  a f i n i n g - u p w a r d  s e q u e n c e  o f  
f I u v l a l - e s t u a r I n e  sed iments .  A c t in g  as sed iment s i n k s ,  Holocene marshes 
have t rapped  t h i c k  a c c u m u la t io n s  o f  o r g a n i c - r i c h  s e d im e n ts  a lo n g  t h e  
m a rg in s  o f  P l e i s t o c e n e  v a l l e y s .  T h i s  p r o c e s s  has a l s o  r e s u l t e d  In 
e x te n s iv e  b la n k e t  d e p o s i t s  o f  o r g a n i c - r i c h  muds a lo n g  low l y i n g  a re a s  
b o rd e r in g  t h e  York and Poropotank r i v e r s .  Wave a c t i o n  and t r a n s g re s s in g  
seas have r e s u l t e d  In c l i f f  e ro s io n  a long reaches o f  th e  York R i v e r  and 
r a p i d  e r o s i o n  o f  s e v e r a l  s m a l l  I s l a n d s  a lo n g  M o r r i s  Bay. These 
processes are a ls o  r e s u l t i n g  In th e  drowning and d e s t r u c t i o n  o f  s m a l l e r  
f r i n g i n g  marshes a lo n g  t h e  Y o rk  R i v e r .  The a re a  I s  p r e s e n t l y  be ing 
a l t e r e d  t h r o u g h  m a n ’ s a c t i v i t i e s ,  I n c l u d i n g  l a n d  d e v e l o p m e n t ,  
a g r i c u l t u r e ,  d re d g in g ,  and a ttempted  s h o r e l i n e  s t a b i l i z a t i o n .
APPENDIX 1
D e s c r i p t i v e  s t r a t I g r a p h I c  s e c t io n s  f o r  hand auger b o r in g s  
d r i l l e d  th ro u g h o u t  t h e  course  o f  t h i s  I n v e s t i g a t i o n .
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SECTION 101
Composite s e c t i o n .  Upper 2.1 m (7 f t )  & low e r  4 . 3  m (14 f t )  exposed In 
r o a d c u t .  I n t e r v a l  f rom  2.1  t o  4 .3  m (7 t o  14 f t )  hand augered. Located 
303 m (1000 f t )  s o u t h e a s t  o f  S t a t e  R ou te  601 In  r o a d c u t  o f  u n p a v e d  
s e c o n d a ry  road  a t  head o f  G u t h r i e  Creek ( G r e s s l t t  7 .5 *  q u a d ra n g le ) .  UTM 
c o o rd in a te s :  zone 18, 4 ,1 5 0 ,750m.N., 3 4 9 ,880m.E. S e c t io n  measured by M .L .  
M i t c h e l l  on 5 / 1 0 8 3 .  E l e v a t i o n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  18.6 m 
(61 f t ) .
Th Ickness
D e s c r i p t i o n  meters  i f t )
Chuckatuck fo rm a t io n
Sand, ve ry  s i l t y  & c la y e y ;  l i g h t  g ray  m o t t le d  w i th  mod­
e r a te  red & g r a y i s h - y e l l o w ;  sand f r a c t i o n  Is f i n e  t o
medium g ra in e d  & m odera te ly  w e l l  s o r t e d ,  ve ry  compact   2.1 (7 .0 )
Sand, s i l t y ,  g r a v e l l y ,  y e l l o w ls h - g r a y  t o  g ra y Is h -o ra n g e ,  
f i n e  t o  ve ry  coa rse  g ra in e d  w i t h  s c a t te re d  co b b le s ,  
p o o r l y  s o r t e d ,  cobb les  a re  q u a r t z ,  f e r r l c r e t e  " c o b b le s ”
a t  base.................................................................................................................... 1 .8  (6 .0 )
Yorktown Formation
Sand, s i l t y ,  moderate y e l lo w is h -b ro w n ,  ve ry  f i n e  t o
f i n e  g ra in e d ,  subrounded t o  rounded, ve ry  w e l l  s o r t e d ,  
to p  4 f t  Is o x id i z e d  o ra n g Ish -b ro w n , q u a r tzo se ,
g l a u c o n i t i c . ......................................................................................................... 4 .6 (1 5 .0 )
SECTION 102
Hand a u ge r  b o r i n g .  L o c a te d  6.1 m (20 f t )  south  o f  S ta te  Route 644 366 m 
(1200 f t )  n o r thw es t  o f  S h a ck le fo rd s  Chapel (S h a c k le fo rd s  7 .5 *  q u a d ra n g le ) .  
UTM c o o r d i n a t e s :  zone 18 ,  4 ,151 ,300m . N . ,  351 , 675m.E .  Augered  by M.L. 
M i t c h e l l  on 7 /1 6 /8 3 .  E le v a t i o n  a t  top  o f  s e c t i o n  Is a p p r o x i m a t e l y  3 2 .6  m 
(107 f t ) .
Th ickness
D e s c r i p t  Jon m e te r s - l i t - )
Windsor Formation
Sand, l i g h t  b ro w n is h -g ra y ,  f i n e  t o  medium g ra in e d ,
loose,  re p re se n ts  upper s o i l  h o r i z o n ..................................................  0 .8  (2 .5 )
Sand, ve ry  s l i g h t l y  s i l t y  & c la y e y ,  l i g h t  brown, f i n e  
t o  medium g ra in e d  w i t h  s c a t te re d  coarse  t o  ve ry
coarse  s ized  g r a i n s ,  m ass ive ....................................................................  3 .0 ( 1 0 .0 )
Sand; as above b u t  m odera te ly  s i l t y  & c la y e y  and ve ry
s l i g h t l y  c o a rs e r  g r a i n e d ............................................................. ...............  0 .8  (2 .5 )
Sand, s l i g h t l y  c la y e y  & s i l t y ,  l i g h t  brown, f i n e  t o  medium 
g ra in e d  w i t h  s c a t t e r e d  coarse  t o  ve ry  coa rse  g r a i n s ,
c o n ta in s  s c a t te r e d  w h i te  f i n e  g ra ined  sand le n se s ..................... 0 .5  (1 .5 )
Sand, s l i g h t l y  t o  m odera te ly  s i l t y ,  o ra n g Is h -g ra y  w i t h  
orange m o t t l i n g ,  f i n e  t o  medium g ra ined  (p re d o m in a n t l y  
medium), s c a t t e r e d  coarse  t o  very  coarse  g r a i n s ,  
c o n ta in s  s c a t te re d  pure sand laminae,  seve ra l  b la ck
woody fragments  a t  17 f t  d e p th ................................................................ 1.1 (3 .5 )
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Sand, m odera te ly  s i l + y ,  y e l l o w is h  g r a y ,  f i n e  t o  medium 
g ra in e d  (p re d o m in a n t ly  medium) w i t h  s c a t t e r e d  coarse
g r a i n s ,  massive, t r a c e  o f  heavy m in e ra ls  t h r o u g h o u t ................  0 .7  (2 .4 )
SECTION 103
Hand auger b o r in g .  Located a t  I n t e r s e c t i o n  o f  S t a t e  R ou tes  644 and 601 
( S h a c k l e f o r d s  7 . 5 *  q u a d ra n g le ) .  UTM c o o rd in a te s :  zone 18, 4,151 ,525m.N., 
3 4 9 ,775m.E. Augered  by M .L .  M i t c h e l l  on 7 / 1 6 / 8 3 .  E l e v a t i o n  a t  t o p  o f  
s e c t i o n  Is 20 .4  m (67 f t ) .
Th Ickness
Descr i p t io n meters  ( f t J
Unsorted road f i l l  m a t e r i a l   0 .3  (1 .0 )
Chuckatuck fo rm a t io n
Sand, ve ry  c la y e y  & s i l t y ,  l i g h t  g ray  w i t h  y e l lo w  and 
orange m o t t I  In g ,c o n ta In s  s c a t te re d  very  coa rse  g r a i n s ,  
sediment typ e  b o rd e r in g  on sandy mud  1.5  (5 .0 )
SECTION 104
Hand auger b o r in g .  Located 1.3 km (4 ,200 f t )  south  o f  C o lo g n e  In r o a d c u t  
o f  S t a t e  R ou te  601 ( G r e s s l t t  7 .5 *  q u a d ra n g le ) .  UTM c o o r d in a te s :  zone 18, 
4 , 1 5 3 , 525m.N., 3 5 0 , 175m.E. Augered by M.L. M i t c h e l l  on 5 /1 0 /8 3 .  E l e v a t i o n  
a t  to p  o f  s e c t i o n  Is  a p p ro x im a te ly  16.8 m (55 f t ) .
Th ickness
Descr i p t i o n meters ( f t )
BarhamsvI I l e  fo rm a t io n
Sand, ve ry  s i l t y ,  moderate re d d ish  o range,  f i n e  t o
coarse  g r a in e d ,  c o n ta in s  s c a t te re d  pebb les ,  f e r r  I c r e t e
a t  base ............................................................................................    1 .4  (4 .5 )
Yorktown Format ton
Sand, g re e n ish  brown, f i n e  g ra in e d ,  ve ry  w e l l  t o  w e l l  s o r te d  
to p  1 f o o t  o x id i z e d  y e l l o w is h  brown, c o n ta in s  abundant 
dark g r a in s  (manganese o x id e  and some g l a u c o n i t e )   0 .5  (1 .5 )
SECTION 105
Hand a u g e r  b o r i n g .  L o c a t e d  j u s t  o f f  unpaved s e c o n d a r y  ro a d  above 
Poropotank R ive r  2 .4  km (1 .5  m i l e s )  e a s t  o f  C o lo g n e  ( S h a c k l e f o r d s  7 . 5 *  
q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 18, 4 ,1 5 4 ,750m.N. ,  3 5 2 ,850m.E. Upper 
s o i l  removed by g r a d i n g  o f  r o a d .  Augered  by M .L .  M i t c h e l l  on 6 / 2 4 / 8 3 .  
E le v a t io n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  27 .4  m (90 f t ) .
Th ickness
D&scrJpt. ign meters  ( f t )
B a rh a m s v l I l e  fo rm a t io n
Sand, s i l t y ,  l i g h t  brown, f i n e  g r a in e d   0 .6  ( 2 .0 )
Sand, s i l t y ,  ve ry  s l i g h t l y  c l a y e y ,  o ra n g Is h - g r a y  t o  g r a y i s h -  
y e l l o w ,  f i n e  t o  medium g ra in e d  w i th  s c a t t e r e d  coarse
g r a i n s ......................................................................................................................  1 .2 (4 .0 )
99
SECTION 106
Hand a u g e r  b o r i n g .  L o c a te d  j u s t  o f f  u n p a v e d  s e c o n d a r y  r o a d  a b o v e  
P o r o p o t a n k  R i v e r  2 .4  km ( 1 . 5  m i l e s )  e a s t  o f  Cologne (S h a c k e l fo rd s  7 . 5 f 
q u a d ra n g le ) .  UTM c o o rd in a te s :  zone 18, 4,1 5 4 ,9 2 5 m . N . ,  3 5 2 , 725m. E. S o i l s  
removed by g ra d in g  o f  road.  Augered by M.L. M i t c h e l l  on 6 /2 4 /8 3 .  E le v a t io n  
a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  15.2 m (50 f t ) .
ThIckness
Q ssc rJp tJQD meters ( f t )
Yorktown Formation
Sand, s l i g h t l y  s i l t y ,  o ra n g Is h -y e I  low t o  y e l l o w is h -b ro w n ,  
ve ry  f i n e  t o  f i n e  g ra in e d ,  c o n ta in s  a p p ro x im a te ly  5$ dark 
g r a in s  (manganese o x id e  and some g l a u c o n i t e ) ................................. 1 .8  ( 6 .0 )
SECTION 107
Hand a u ge r  b o r i n g .  L o c a te d  J u s t  o f f  u n p a v e d  s e c o n d a r y  r o a d  a b o v e  
P o r o p o t a n k  R i v e r  2 .4  km ( 1 . 5  m i l e s )  e a s t  o f  Cologne (S h a c k le fo rd s  7 . 5 f 
q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 18, 4 ,1 54 , 87 5m . N . , 3 5 2 , 7 5 0 m . E .  
S o i l s  removed by g r a d i n g  o f  r o a d .  Augered  by M.L. M i t c h e l l  on 6 /2 4 /8 3 .  
E le v a t io n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  17.1 m (56 f t ) .
Th ickness
Desc r I pt i c n meters ( f t )
Chuckatuck fo rm a t io n
Sand, s i l t y ,  s l i g h t l y  c la y e y ,  o ra n g Is h -g ra y ,  f i n e  t o  medium
g ra ined  w i t h  s c a t te re d  very coarse  g r a i n s   1.5 (5 .0 )
Sand, s i l t y ,  l i g h t  o ra n g Is h - g ra y ,  f i n e  t o  coa rse  g r a in e d ,  
c o n ta in s  a p p ro x im a te ly  10$ g ra n u le  s i z e  g r a v e l ,  c o n ta in s  
s c a t te r e d  pebb les ,  p o o r l y  s o r t e d   0 .3  (1 .0 )
SECTION 108
Hand auge r  b o r i n g .  L o c a te d  j u s t  o f f  u n p a v e d  s e c o n d a r y  r o a d  a b o v e  
P o r o p o t a n k  R i v e r  2 . 4  km ( 1 . 5  m i l e s )  e a s t  o f  Cologne (Shack l e f o r d s  7 .5 *  
q u ad ra n g le ) .  UTM c o o rd in a te s :  zone 18, 4,1 5 4 ,825m . N . ,  3 5 2 , 850m. E. Upper 
s o i l  removed by g r a d i n g  o f  r o a d .  Augered  by M .L .  M i t c h e l l  on 2 /2 4 /8 3 .  
E le v a t io n  a t  to p  o f  s e c t i o n  is  a p p ro x im a te ly  20 .4  m (67 f t ) .
Th ickness
D-gscr J p t  J on meters. I l l )
B a rh a m sv l I le  fo rm a t io n
Sand, c l a y e y ,  l i g h t  brown, f i n e  t o  coarse g r a i n e d ............................  0 .3  ( 1 .0 )
Sand, s i I t y ,  c l a y e y ,  y e l lo w  t o  o range,  medium t o  ve ry  coa rse  
g ra in e d  w i t h  s c a t te re d  g ra n u le s ,  m odera te ly  w e l l  so r te d  t o
p o o r l y  s o r t e d ,  s l i g h t l y  f e l d s p a t h l c  and c h e r t y ............................... 0 .3  (1 .0 )
Sand, ve ry  c l a y e y ,  s l i g h t l y  s i l t y ,  l i g h t  g ray  and o ra ng lsh
gray  m o t t l e d ,  f i n e  t o  ve ry  coarse  g r a in e d ..........................................  0 .3  ( 1 .0 )
C la y ,  sandy, s i l t y ,  l i g h t  g ray  w i t h  y e l lo w  and orange m o t t l i n g ,
sand f r a c t i o n  Is ve ry  f i n e  g ra in e d ,  l o c a l l y  la m in a te d ............ 0 .3  (1 .0 )
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Sand, y e l lo w  t o  o range ,  medium t o  coarse  g r a in e d ,  modera te ly
w e l l  s o r t e d ,  s c a t te r e d  very  t h i n  ve ry  l i g h t  g ray  c l a y
lenses ( f  l a s e r s ? ) ,  one cobb le  a t  base................................................  0 .1 5 (0 .5 )
Sand, m odera te ly  c la y e y ,  s i l t y ,  y e l l o w is h - g r a y  and
o ra n g Is h -g r a y  m o t t l e d ,  ve ry  f i n e  g ra in e d ,  w e l l  s o r t e d ,
abundant c l a y  la ye rs  and I enses( f  l a s e r s ? )   0 .5  ( 1 .5 )
SECTION 109
Hand a u g e r  b o r i n g .  L o c a t e d  j u s t  o f f  unpaved s e c o n d a ry  ro a d  above 
Poropotank R iv e r  2 .4  km (1 .5  m i l e s )  e a s t  o f  C o lo g n e  ( S h a c k l e f o r d s  7 . 5 T 
q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 18, 4 ,1  5 4 ,800m .N . ,  3 5 2 ,  875m. E. 
S o i l s  removed by g ra d in g  o f  r o a d .  Augered  by M .L .  M i t c h e l l  on 6 / 2 4 / 8 3 .  
E le v a t io n  a t  to p  o f  s e c t i o n  Is  a p p ro x im a te ly  23 .8  m (78 f t ) .
T h Ickness
Qe.scr.f pt f on meters ( f t )
B a rh a m sv l I le  fo rm a t io n
Sand, m odera te ly  c la y e y  and s i l t y ,  o ra n g Is h -g ra y  t o  
y e l l o w is h -o ra n g e ,  f i n e  t o  coarse  g ra in e d ,  modera te ly  
w e l l  s o r t e d ,  coarsens s l i g h t l y  and becomes more orange 
w i th  d e p th ,  s l i g h t l y  f e f d s p a t h l c ...........................................................  1 .8 (6 .0 )
SECTION 201
Hand a u ge r  s e c t i o n .  L o c a te d  In abandoned sand p i t  1 . 2  km ( 3 8 0 0  f t )  
s o u t h e a s t  o f  P l a i n v l e w  ( G r e s s l t t  7 . 5 f q u a d ra n g le ) .  UTM c o o rd in a te s :  zone 
18, 4 , 1 5 0 ,3 0 0 m ,N . ,  3 5 3 , 425m.E.  Augered  by M .L .  M i t c h e l l  on 4 / 1 3 / 8 3 .  
E le v a t io n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  21 .3  m (70 f t ) .
Th ickness
De s c r i p t i o n  meters ( f t )
Chuckatuck fo rm a t io n
Sand, s i l t y ,  l i g h t  b r o w n , f in e  t o  medium g r a in e d ..............................  0 .9  ( 3 .0 )
Sand, c l a y e y ,  o ra n g Is h - g r a y ,  f i n e  t o  medium g r a in e d .....................  0 .6  (2 .0 )
Sand, o r a n g I s h - g r a y , medium g ra in e d ,  s c a t te re d  pebbles
th r o u g h o u t ,  f i n e s  s l i g h t l y  upward.........................................................  0 .3  ( 1 .0 )
G ra v e l ,  sandy, w h i te  t o  y e l l o w f s h - g r a y ,  sand Is  f i n e  t o  
ve ry  coarse  g r a in e d ,  p o o r l y  s o r t e d ,  pebbles th r o u g h o u t ,
f i n e s  are a n g u la r ,  coarse  f r a c t i o n  Is rounded................................  0 .3  ( 1 .0 )
B a rh a m s v l I le  fo rm a t io n
Sand, g ray  Ish -o range  t o  moderate r e d d is h -o ra n g e ,  f i n e  t o  
medium g r a in e d ,  w e l l  s o r t e d ,  subangula r  t o  subrounded,
q u a r t z o s e ..................................................................................................................  0 .5  ( 1 .5 )
Sand, p e b b ly ,  s l i g h t l y  c l a y e y ,  g ra y Ish -o ra n g e  a t  to p  t o  
orange a t  base, ve ry  f i n e  t o  very  coa rse  g r a in e d ,  p o o r l y  
s o r t e d ,  f i n e s  a re  su bangu la r ,  coarse  f r a c t i o n  Is  rounded,
q u a r t z o s e ..................................................................................................................  0 .5  (1 .5 )
Sand, c l a y e y ,  l i g h t  g ra y ,  f i n e  g ra ined  w i th  r a r e  s c a t te re d  
coarse  g r a i n s ,  m odera te ly  w e l l  s o r te d ,  su b an g u la r ,  ve ry  
l i g h t  g ray  c l a y  p l a t e l e t s  o r  f l a s e r s  th ro u g h o u t ,  s c a t te r e d  
f e r r l c r e t e ................................................................................................................ 0 .3  ( 1 .0 )
101
C la y ,  l i g h t  g ra y ,  t h i n l y  In terbedded w i th  orange ve ry  f i n e
sand, l o c a l l y  m o t t l e d ....................................................................................  0 . 1 5 ( 0 . 5 )
C la y ,  s i l t y ,  l i g h t  b l u i s h - g r a y  w i th  orange m o t t l i n g ,  b lo cky
p a r t i n g ....................................................................................................................  0 .8  ( 2 .5 )
I n t e r  laminated l i g h t  g ray  c l a y  and red t o  y e l lo w  very  f i n e  t o
co a rse  sand........................................................................................................... 0 .3  ( 1 .0 )
Yorktown Formation (weathered zone)
Sand, ve ry  c la y e y ,  c h o c o la te  brown, ve ry  f i n e  t o  f i n e
g ra in e d ;  f e r r l c r e t e ,  wad and g la u c o n i t e  th r o u g h o u t ................... 0 .3  (1 .0 )
SECTION 202
Composite s e c t i o n .  Upper 2 .4  m (8 .0  f t )  exposed In r o a d c u t .  Lower 3 . 5  m 
<11 .5  f t )  hand a u g e r e d .  L o c a te d  above P o r o p o ta n k  R iv e r  In road c u t  o f  
S ta te  Route  14 ( G r e s s l t t  7 . 5 *  q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 18, 
4 ,1 5 1 ,375m.N . , 3 5 4 ,150m.E. Measured by M.L. M i t c h e l l  on 4 /2 6 /8 3 .  E le v a t i o n  
a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  10.7 m (35 f t ) .
ThIckness
D e s c r I p t i o n  meters  ( f t )
S h i r l e y  fo rm a t io n
C la y ,  s i l t y ,  s l i g h t l y  sandy, medium g ray  w i t h  orange s i l t y
m o t t l i n g ,  mass ive ..............................................................................................
Sand, s i l t y ,  o range ,  ve ry  f i n e  t o  f i n e  g r a in e d ,  ve ry  t h i n l y  
In te rbedded w i th  l i g h t  g ray  sandy c l a y ,  f l a s e r  t o  wavy
bedd ing ,  p o s s ib l y  bu r row ed .........................................................................
Sand, w h i t e ,  f i n e  g r a in e d ,  w e l l  s o r t e d ,  some medium s ized  
g r a in s  a t  base, c o n ta in s  heavy m ine ra l  laminae and low-
angle  c ro ssb e d s ..................................................................................................
Sand, ve ry  c l a y e y ,  p i n k i s h - g r a y ,  f i n e  g ra in e d ,  w e l l  s o r t e d ,
c o n ta in s  r a r e  s c a t te re d  coarse  g r a i n s ,  mass ive ............................
Sand, w h i te  t o  ve ry  l i g h t  g ra y ,  f i n e  g ra in e d ,  w e l l  s o r t e d ,
l i g h t  g ray  c l a y  pebb les a t  base..............................................................
Sand, m odera te ly  c l a y e y ,  o ra n g Is h - g r a y ,  f i n e  g ra in e d  a t  to p  
t o  medium g ra in e d  w i t h  s c a t te re d  coarse  g r a in s  a t  base, 
in te rbedded w i t h  sandy c l a y ,  c l a y  c o n ta in s  abundant orange 
s i l t y  r o o t l e t  c a s t s ,  sequence c o n ta in s  r a r e  s c a t te re d  woody 
fragments and p o s s ib l y  f e r r l c r e t e  s h e l l  g h o s ts ,  one b la ck  
carbonaceous o r  manganese o x id e  lump near base............................
SECTION 203
Hand a u g e r  b o r i n g .  L o c a te d  3 m (10 f t )  sou th  o f  unpaved secondary road
91.4 m (300 f t )  west o f  U .S .  R ou te  17 4 . 0  km ( 2 . 5  m l )  s o u t h  o f  G le n ns  
( Skack I e f  o r d s  7 . 5 *  q u a d ra n g le ) .  UTM coord  I n a te s :  zone 18, 4 ,1 5 5 ,000m.N. ,  
3 5 6 , 150m.E. A ugered  by M .L .  M i t c h e l l  on 6 / 2 4 / 8 3 .  E l e v a t i o n  a t  t o p  o f  
s e c t i o n  i s  35 .4  m (116 f t ) .
Th Ickness
Dsscr i p t i o n  meters  ( f t )
B a rh a m s v l I le  fo rm a t io n
Sand, ve ry  s l i g h t l y  s i l t y ,  g r a y i s h - y e l l o w ,  f i n e  g r a in e d ,
m ass!ve .......................................................................................................................  0 .3  (1 .0 )
1 .8 (6 .0 ) 
0 .5  ( 1 .5 )
1 .2 ( 4 .0 )  
0 .5  ( 1 .5 )  
0 .3  ( 1 .0 )
1 .7 ( 5 .5 )
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C la y ,  s i l t y ,  s l i g h t l y  sandy, l i g h t  y e l lo w is h -b ro w n ,  f i n e l y  
I n te r m o t t l e d  w i t h  l i g h t  g ray  sandy c l a y  t o  c la y e y  sand 
(deformed lam inae?) ,  sand Is ve ry  f i n e  g r a in e d ,  massive o r  
e x t e n s i v e l y  b f o t u r b a t e d   1 .8  ( 6 .0 )
SECTION 204
Composite s e c t i o n .  Upper 10.5 m (34 .5  f t )  exposed In r o a d c u t .  Lower 1 .4  m 
( 4 . 5  f t )  hand a u g e r e d .  L o c a te d  In r o a d c u t  o f  unpaved s e c o n d a r y  road
1.2  km (4000 f t )  n o r th w e s t  o f  Adner (Shack I e f  o r d s  7 . 5 *  q u a d r a n g l e ) .  UTM 
c o o r d in a te s :  zone 18, 4 ,1 5 2 ,275m.N., 3 5 4 ,950m.E. Measured by M.L. M i t c h e l l  
on 6 /2 5 /8 3 .  E le v a t i o n  a t  to p  o f  s e c t i o n  a p p ro x im a te ly  25.9m (85 f t ) .
ThIckness
Description melers—(itl
Windsor Formation
Sand, s i l t y ,  g r a y i s h - y e l l o w ,  ve ry  f i n e  t o  f i n e  g ra in e d ,
f e r r l c r e t e  and s c a t te r e d  pebbles.......a t  base....................................  6 . 1 ( 2 0 . 0 )
B a rh a m s v i l le  fo rm a t io n
Sand, ve ry  s i l t y  & c l a y e y ,  moderate redd Ish -o ra ng e ,
f i n e  t o - c o a rs e  g r a in e d .................................................................................. 4 .4 ( 1 4 . 5 )
Yorktown Format ion  (weathered zone)
C la y ,  ve ry  sandy, c h o c o la te  brown, c o n ta in s  s c a t te re d
g r a in s  o f  manganese o x id e  and g la u c o n i t e ,  ve ry  compact  1 .4  ( 4 .5 )
SECTION 205
Hand auge r  b o r i n g .  Located 1 .5 m (5 f t )  west o f  S ta te  Route 610 a t  Pampa 
(S a lu d a  7 . 5 *  q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 18, 4 ,1  53 , 840m . N . ,  
3 5 9 , 125m.E. G ro u n d w a te r  e n c o u n te re d  a t  5 .9  m (19 .5  f t )  dep th .  Abandoned 
due t o  repeated c a v e - l n .  Augered by M.L. M i t c h e l l  on 5 /1 2 /8 3 .  E l e v a t io n  a t  
to p  o f  s e c t i o n  Is a p p ro x im a te ly  38 .4  m (126 f t ) .
Th ickness
D e s c r i p t i o n  msters  .( f t )
B a rh a m s v l I le  fo rm a t io n
Sand, c l a y e y ,  ve ry  l i g h t  g ra y is h -b ro w n ,  f i n e  g r a in e d .................  1 .2  ( 4 .0 )
Sand, s l i g h t l y  t o  modera te ly  c la y e y ,  medium l i g h t  g ray  t o  
y e l l o w i s h - g r a y  w i t h  g ra y is h -o ra n g e  m o t t l i n g ,  f i n e  g ra in e d ,  
w e l l  s o r t e d ,  moderate redd Ish-orange a long s i l t y  zones,
massive t o  t h i c k l y  bedded......................... .................................................  3 . 5 ( 1 1 . 5 )
Sand, s l i g h t l y  t o  m odera te ly  c la y e y ,  l i g h t  p l n k l s h - g r a y  w i th  
t h i n  s u b t l e  o ra n g Is h -g ra y  m o t t l i n g ,  c l a y  c o n te n t  decreases 
s l i g h t l y  w i t h  dep th ,  r a r e  s c a t te re d  medium t o  coa rse  g r a in s  
a t  base, mass ive, l o c a l l y  banded...........................................................  2 .9  (9 .5 )
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SECTION 206
Hand auge r  b o r i n g .  Located a t  I n t e r s e c t i o n  o f  S ta te  Route 610 and unpaved 
secondary  road 2 .4  km (1 .5  m i le s )  n o r t h e a s t  o f  Woods C r o s s r o a d s  (S a lu d a  
7 . 5 *  q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 18, 4 ,1 5 1 ,075m.N.,  3 5 8 ,370m.E. 
Groundwater encounte red a t  4 .6  m (15 f t )  dep th .  Abandoned due t o  r e p e a te d  
c a v e - I n .  Augered by M.L. M i t c h e l l  on 5 /1 2 /8 3 .  E le v a t i o n  a t  to p  o f  s e c t io n  
Is  35 .4  m (116 f t ) .
Th ickness
D e s c r Ip t i o n  meters  ( f t )
B a rh a m s v l I le  fo rm a t io n
S i l t ,  sandy, b rownish g ra y ,  sand is  f i n e  g r a in e d ................................ 0 .1 5 ( 0 .5 )
Sand, c l a y e y ,  l i g h t  y e l l o w is h  brown............................................................ 1.5 (5 .0 )
Sand, s i l t y ,  m odera te ly  c la y e y ;  g ra y ,  g ra y is h -o ra n g e  and 
g r a y i s h - r e d  m o t t l e d ;  ve ry  f i n e  t o  f i n e  g ra ined  w i th  
s c a t te re d  medium g r a i n s ,  c l a y  and s i l t  co n te n t  decrease
w i th  d e p t h .   .................................................................................. 0 .8  (2 .5 )
Sand, c l a y e y ,  ve ry  s i l t y ;  g ra y ,  re d d ish -o ra n g e  and o r a n g ls h -  
y e l lo w  m o t t l e d ;  f i n e  g r a in e d ,  modera te ly  we l l  s o r t e d ,  
c l a y  and s i l t  c o n te n t  decrease w i th  dep th ,  s c a t t e r e d  c l a y
pebbles o r  f  l a s e r s ........................................................................................... 0 .8  (2 .5 )
Sand, s l i g h t l y  s i l t y ,  g ra y is h -o ra n g e  a t  to p  t o  g r a y i s h - y e l l o w  
a t  base, f i n e  g ra in e d  w i t h  ap p ro x im a te ly  10 % medium g r a in s  
a t  to p  i n c re a s in g  t o  20 % a t  base, m odera te ly  w e l l  t o  we I I
s o r t e d ......................... ............................................................................................  0 .6  (2 .0 )
Sand, l i g h t  g ray  t o  y e l l o w i s h - g r a y ,  medium g ra in e d  a t  to p  t o
coarse  g ra in e d  a t  base, subrounded, q uar tzose ,  m ass ive ........... 0 .8  (2 .5 )
Sand, l i g h t  g ray  t o  w h i t e ,  ve ry  f i n e  t o  f i n e  g r a in e d ,  w e l l
so r te d  t o  ve ry  w e l l  s o r t e d ,  t r a c e  o f  heavy m i n e r a l s .................. 0 .3  ( 1 .0 )
SECTION 207Y
Hand a u g e r  b o r i n g .  L o c a te d  15 m (50 f t )  west o f  S ta te  Route 610,  2 .9  km 
(1 .8  m i le s )  n o r t h e a s t  o f  Woods Crossroads ( G l o u c e s t e r  7 . 5 *  q u a d r a n g l e ) .  
UTM c o o r d i n a t e s :  zone 18 ,  4 ,151 ,350m .N . ,  3 5 8 , 740m.E .  Augered  by C.R. 
B e r q u l s t .  E le v a t i o n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  34.1 m (112 f t ) .
ThIckness
Descr I p t i o n  m e l e r s . l i t . )
B a rh a m s v l I le  fo rm a t io n
S i l t ,  moderate redd Ish -o ra ng e ,  m ass ive   0 .6  (2 .0 )
Sand, s i l t y  & c l a y e y ,  g ray  t o  p in k ,  f i n e  t o  medium g r a i n e d . . .  2 .4  (8 .0 )
Sand, s l i g h t l y  t o  m odera te ly  c la y e y ,  l i g h t  brown, f i n e  t o
medium g r a in e d ,  c o n ta in s  opaques...........................................................  1.8 (6 .0 )
C la y ,  t a n ,  c o n ta in s  opaques.......................................................................... 0 .3  ( 1 .0 )
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SECTION 301
Hand auger  b o r i n g .  L o c a te d  j u s t  o f f  S t a t e  R ou te  666 1 .0  km (3400  f t )  
s o u t h w e s t  o f  G r e s s i t t  ( G r e s s l t t  7 .5 *  q u a d ra n g le ) .  UTM c o o r d in a te s :  zone 
18, 4 ,1 49,390m.N. ,  3 4 8 ,325m.E. G ro u n d w a te r  e n c o u n te r e d  a t  1 .5  m (5 f t )  
d e p t h .  Abandoned due t o  repeated  c a v e - I n .  E le v a t io n  a t  top  o f  s e c t i o n  Is
4 .0  m (13 f t ) .
Th Ickness
Description meters (ft)
Tabb Fo rm a t io n ,  Lynnhaven Member
Sand, s i l t y ,  s l i g h t l y  c l a y e y ,  g r a y is h  brown.......................................
Sand, m odera te ly  c la y e y  sand, l i g h t  brown w i th
g ray  m o t t I  I n g ......................................................................................................
Sand, s l i g h t l y  c la y e y ,  g r a y i s h - y e l l o w ,  f i n e  g ra in e d  w i th  
s c a t t e r e d  medium g r a i n s ,  w e l l  s o r t e d ,  c o n ta in s  seve ra l  
m odera te ly  c la y e y  I n t e r v a l s ,  coarsens s l i g h t l y  w i th  d e p t h . .
SECTION 302
C o m p o s i te  s e c t i o n .  Upper 3 .7  m (12 f t )  exposed In s a n d p i t .  Lower 2 .4  m (8 
f t )  hand augered. Located 15 m (50 f t )  south  o f  S ta te  Route 605 on G u th r ie  
Creek ( G r e s s l t t  7 .5 *  q u a d ra n g le ) .  UTM c o o rd in a te s :  zone 18, 4 , 1 4 9 , 425m.N., 
3 4 9 ,400m.E. Measured by M .L .  M i t c h e l l  on 5 / 2 0 / 8 3 .  E l e v a t i o n  a t  t o p  o f  
s e c t i o n  is  a p p ro x im a te ly  7 .6  m (25 f t ) .
ThIckness
DescrIptlcn meters (ft)
S h i r l e y  fo rm a t io n
Sand, ve ry  c l a y e y ,  medium gray  w i t h  g ra y is h -o ra n g e  m o t t l i n g ,  
f i n e  t o  medium g ra in e d  w i th  s c a t te re d  coa rse  g r a i n s ,
m odera te ly  w e l l  s o r t e d ,  bottom c o n ta c t  i s  g r a d a t i o n a l ............
Sand, c o b b ly ,  y e l l o w is h - g r a y ,  f i n e  t o  very  coarse  g ra in e d
moderate Iy t o  poor Iy s o r t e d ......................................................................
Sand, s l i g h t l y  c l a y e y ,  w h i te  t o  ye I l o w l s h - g r a y ,  f i n e  t o  
medium g r a in e d ,  w e l l  s o r t e d ,  t r a c e  o f  heavy m in e r a l s ,
mass i v e ....................................................................................................................
Sand, s i l t y ,  b ro w n ish -g ra y  t o  b ro w n is h -b la c k ,  f i n e  t o  medium 
g ra in e d  w i t h  5 % pebb les ,  o r g a n i c ,  l o c a l l y  p e a ty ,  r o o t e d . . .
Sand, p e b b ly ,  g r e e n I s h - g r a y ,  ve ry  f i n e  t o  medium g ra in e d
w i t h  abundant p ebb les ,  m odera te ly  s o r t e d ,  s c a t te re d  r o o t s . .
Eas tover  Format ion
Sand, s i l t y ,  g re e n Is h - g r a y ,  ve ry  f i n e  t o  f i n e  g r a in e d ,  ve ry  
we I I s o r t e d ...........................................................................................................
2 .3  ( 7 .5 )  
1 .4 ( 4 .5 )
1 .2 ( 4 .0 )  
0 .3  (1 .0 )  
0 .6  (2 .0 )
0 .3  (1 .0 )
0 .1 5 ( 0 . 5 )  
0 .8  ( 2 .5 )
1.1 ( 3 .5 )
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SECTION 303
Hand a u ge r  s e c t i o n .  Located a t  base o f  scarp 213 m (700 f t )  n o r th w e s t  o f  
S ta te  Route 605 1 .4 km (4800 f t )  southwest o f  P l a i n  View ( G r e s s l t t  7 . 5 *  
q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 18, 4 ,1  50 ,1  50m . N . ,  351 , 240m.E .  
Groundwater encounte red a t  1.4 m (4 .5  f t )  dep th .  Abandoned due t o  repeated  
c a v e - I n .  Augered by M.L.  M i t c h e l l  on 5 /1 1 /8 3 .  E le v a t i o n  a t  to p  o f  s e c t i o n  
Is a p p ro x im a te ly  20.7  m (68 f t ) .
Th ickness
D escr ip t i o n  meters ( f t )
Chuckatuck fo rm a t io n
S i l t ,  sandy, s l i g h t l y  c l a y e y ,  pa le  brown................................................. 0 .3  ( 1 .0 )
Sand, c la y e y ,  l i g h t  brown, f i n e  t o  medium g r a in e d ................................ 1.2 ( 4 .0 )
Sand, medium l i g h t  g ra y ,  medium g ra ined  w i t h  a p p ro x im a te ly  
10 % coarse  g r a i n s ,  m odera te ly  we l l  s o r te d ,  c o n ta in s  t r a c e  
o f  heavy m i n e r a l s ................................................................................................ 0 .6  ( 2 .0 )
SECTION 304
Hand auger s e c t i o n .  Located 274 m (900 f t )  n o r t h w e s t  o f  S t a t e  R ou te  605
1 .5  km (5000 f t )  so u th w e s t  o f  P la in  View ( G r e s s l t t  7 . 5 r q u a d ra n g le ) .  UTM 
c o o rd in a te s :  zone 18, 4 ,1 5 0 ,1 75m.N. ,  351 , 100m.E. G ro u n d w a te r  e n c o u n te r e d  
a t  1 .8  m (6 f t )  d e p th .  Abandoned due t o  repeated c a v e - I n .  Augered by M.L. 
M i t c h e l l  o f  5 /1 1 /8 3 .  E le v a t io n  a t  top  o f  s e c t i o n  Is 19.8 m (65 f t ) .
Th ickness
Dg-SCnLptiori meters  ( f t )
Chuckatuck fo rm a t io n
S i l t ,  sandy, s l i g h t l y  c l a y e y ,  pa le  brown  0 .5  ( 1 .5 )
Sand, c la y e y ,  l i g h t  brown, medium g r a in e d   0 .8  ( 2 .5 )
Sand, s i l t y ,  y e l l o w is h  g ra y ,  medium t o  coarse  g r a in e d ,  
m odera te ly  s o r t e d ,  subrounded t o  subangu la r ,  becomes
less muddy w i t h  d e p th ,  c o n ta in s  s c a t te re d  p e b b le s   0 .9  ( 3 .0 )
Sand, p e bb ly ,  y e l l o w i s h - g r a y ,  medium t o  ve ry  coa rse  g r a in e d ,  
m odera te ly  s o r t e d ,  pebb le  c o n te n t  Is 10 %, c o n ta in s  t r a c e  
o f  heavy m in e r a l s ,  coarsens s l i g h t l y  w i th  dep th ,  bottom 
6 inches Is orang I s h -g ra y  In c o lo  r .    0 .6  ( 2 .0 )
SECTION 305
Hand auge r  s e c t i o n .  L o c a te d  4 . 6  m (15 f t )  n o r t h  o f  S t a t e  n o u t e  605
1 .2  km (3800 f t )  s o u th w e s t  o f  P la in  View ( G r e s s l t t  7 . 5 f q u a d ra n g le ) .  UTM 
c o o rd in a te s :  zone 18, 4 , 1 5 0 , 150m.N., 351 ,550m.E. G ro u n d w a te r  e n c o u n t e r e d  
a t  3 .7  m (12 f t )  d e p th .  Abandoned due t o  repeated c a v e - I n .  Augered by M.L. 
M i t c h e l l  on 5 /1 1 /8 3 .  E l e v a t io n  a t  top  o f  s e c t i o n  Is 26 .2  m (86 f t ) .
Th ickness
Description meters ( f t )
Windsor Formation
Sand, c l a y e y ,  l i g h t  brown, f i n e  g r a in e d   1 .2  ( 4 .0 )
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I n t e r m o + t l e d  s i l t y  c l a y e y  s a n d  and  s a n d y  s i l t y  c l a y ;  sand
is  ve ry  f i n e  t o  coa rse  g r a in e d ,  p o o r l y  s o r t e d ,  compact  0 .8  (2 .5 )
Sand, m odera te ly  c la y e y ,  medium l i g h t  g ray  w i th  o ra n g Is h -g ra y  
m o t t l i n g ,  f i n e  t o  medium g r a in e d ,  modera te ly  s o r te d ,  s c a t ­
te re d  coarse  g r a i n s ,  less c la y e y  and less compact t h a t  above
In te rv a  I .................................................................................................................  0 .5  (1 .5 )
Sand, m odera te ly  c la y e y  and s i l t y ,  medium l i g h t  g ray  t o  
o ra n g Is h -g ra y ,  ve ry  f i n e  t o  f i n e  g ra in e d ,  w e l l  s o r t e d ,  
c o n ta in s  s c a t te r e d  t h i n  wavy bedd ing ,  t r a c e  o f  heavy 
m in e r a l s ,  c o n ta in s  seve ra l  l i g h t  g ray  sandy c l a y  laye rs
(a p p ro x im a te ly  1 cm t h i c k )  near base.....................................................  0 .5  (1 .5 )
Sand, s i l t y ,  moderate re d d is h -o ra n g e ,  f i n e  g ra in e d  w i th  20% 
medium g r a i n s ,  s c a t te re d  r a r e  coarse  g r a in s ,  modera te ly
s o r t e d ,  m a ss ive .................................................................................................. 0 .3  ( 1 .0 )
Sand, s i l t y ,  s l i g h t l y  c l a y e y ,  g ra y Is h -o ra n g e ,  f i n e  g ra in e d ,  
we l l  s o r te d ,  c o n ta in s  l i g h t  g ray  sandy c l a y  lenses o r
laye rs  1 t o  2 cm t h i c k .................................................................................. 0 .1 5 (0 .5 )
C la y ,  s i l t y ,  medium g r a y ,  re d d is h  in c o l o r  a long randomly
o r ie n t e d  s i l t y  l i n e s ,  m icaceous.............................................................  0 .1 5 (0 .5 )
Sand, y e l l o w i s h - g r a y ,  ve ry  f i n e  t o  f i n e  g ra in e d ,  e x c e l l e n t  
s o r t i n g ,  q u a r tzo se ,  c o n ta in s  t r a c e  o f  heavy m in e ra ls  ( I n  
co n cen t ra ted  a re a s ? ) ,  to p  15 cm (6 Inches) is  p in k i s h  
g ray  In c o l o r ......................................................................................................  0 .6  (2 .0 )
SECTION 306
Hand auger s e c t i o n .  Located a t  I n t e r s e c t i o n  o f  S ta te  Route 605 and unpaved 
secondary road  1 .5  km (4800 f t )  s o u t h e a s t  o f  G r e s s l t t  ( G r e s s l t t  7 . 5 *  
q u a d r a n g l e ) .  UTM c o o r d in a te s :  zone 18, 4 ,1 4 9 ,375m.N. ,  3 5 0 ,200m.E. Ground­
water  a t  1.8  m (6 f t )  de p th .  Abandoned due t o  repeated c a v e - In .  Augered by 
M.L. M i t c h e l l  on 5 /1 1 /8 3 .  E le v a t io n  a t  to p  o f  s e c t i o n  Is 17.1 m (56 f t ) .
Th ickness
Desgr-ipt.i on meters. I-f.t)
Chuckatuck fo rm a t io n
Sand, c la y e y ,  g ray  I sh -b row n , f i n e  t o  medium g r a in e d ..................... 0 .3  ( 1 .0 )
C la y ,  very  sandy,  l i g h t  brown......................................................................  0 .8  ( 2 .5 )
Sand, very  c l a y e y ,  medium l i g h t  g ray  w i th  l i g h t  o r a n g ls h -  
gray  m o t t l i n g ,  f i n e  t o  coa rse  g ra in e d ,  modera te ly  s o r t e d ,  
c o n ta in s  a p p ro x im a te ly  5% coarse  g r a in s  a t  top  t o  20% a t  
base, bottom 15 cm (6 In) o x id i z e d  y e l l o w is h  orange,
massive o r  m o t t l e d ...........................................................................................  1.4 ( 4 .5 )
Sand, ye I Io w Is h -g ra y ,  m odera te ly  s o r t e d ,  c o n ta in s  s c a t te re d
pebbles and t r a c e  o f  heavy m in e r a l s ,  mass ive ................................  0 .1 5 ( 0 .5 )
Sand, as above b u t  coa rse  t o  ve ry  coa rse  g ra ined  w i th
a p p ro x im a te ly  10J& medium g r a i n s ............................................. ...............  0 .3  ( 1 .0 )
Sand, p e bb ly ,  s l i g h t l y  s i l t y  & c l a y e y ,  y e l l o w i s h - g r a y ,
coa rse  g ra in e d ,p e b b Ie  c o n te n t  inc reases w i th  d e p th .................. 0 .5  (1 .5 )
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SECTION 307
C o m p o s i te  s e c t i o n .  Upper 2.1 m (7 f t )  exposed In ro a d c u t .  Lower 1 .5 m (5 
f t )  hand augered. L o c a te d  on S t a t e  Road 605 above Meadow Swamp 1 .2  km 
(3800 f t )  s o u t h e a s t  o f  G r e s s l t t  ( G r e s s l t t  7 .5 *  q u a d ra n g le ) .  UTM c o o r d i ­
na tes :  zone 18, 4 ,1 4 9 ,275m.N., 349,730.  mE. Measured by M .L .  M i t c h e l l  on 
5 /1 1 /8 3 .  E le v a t io n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  16.5 m (54 f t ) .
ThIckness
D e s c r I p t i o n  meters  ( f t )
Chuckatuck fo rm a t io n
Sand, s i l t y ,  g ra y is h -o ra n g e ,  f i n e  to, medium g ra in e d  a t  
top  t o  medium t o  coa rse  g ra in e d  a t  base, no apparen t
sed imentary  s t r u c t u r e s ,  competant when weathered .......................... 2 .4  ( 8 .0 )
Sand, p e bb ly ,  s l i g h t l y  s i l t y ,  y e l l o w is h - g r a y  t o o r a n g i s h -  
g ra y ,  medium t o  very  coarse  g ra in e d ,  m odera te ly  t o
p o o r l y  s o r t e d ......................................................................................................  0 .9  ( 3 .0 )
Yorktown Formation
Sand, y e l l o w i s h - g r a y ,  f i n e  g ra in e d ,  ve ry  w e l l  s o r t e d ,  subrounded 
t o  rounded, c o n ta in s  more dark g r a in s  than above i n t e r v a l  
( a p p ro x im a te ly  5/6)...........................................................................................  0 .3  ( 1 .0 )
SECTION 308
Hand auger s e c t i o n .  Located 30 .5  m (100 f t )  south  o f  S t a t e  R o u te  605 1.1 
km (3500 f t )  s o u t h e a s t  o f  G r e s s l t t  ( G r e s s l t t  7 . 5 ? q u a d -  r a n g l e ) .  UTM 
c o o rd in a te s :  zone 18, 4 , 1 49,300m.N. ,  3 4 9 ,575m.E. Groundwater a t  1 .4  m (4 .5  
f t ) .  Abandoned due t o  r e p e a t e d  c a v e - I n .  Augered  by M .L .  M i t c h e l l  on 
5 /1 1 /8 3 .  E le v a t io n  a t  to p  o f  s e c t i o n  is  a p p ro x im a te ly  11.3 m (37 f t ) .
Th ickness
Descr i p t i o n  meters, ( f t J
S h i r l e y  fo rm a t io n
S i l t ,  sandy, s l i g h t l y  c l a y e y ,  l i g h t  brown...........................................  0 . 1 5 ( 0 . 5 )
Sand, ve ry  c la y e y ,  ( o r  ve ry  sandy c l a y ) ,  l i g h t  brown................... 0 .6  ( 2 .0 )
C la y ,  sandy, medium dark g ray  w i t h  orange m o t t l i n g  a long 
s i l t y  zones; sand f r a c t i o n  Is f i n e  t o  coarse  g ra in e d ,
p o o r l y  s o r te d ;  c o n ta in s  s c a t te r e d  p e b b le s ....................................... 0 .5  ( 1 .5 )
Sand, y e l l o w i s h - g r a y ,  f i n e  g ra in e d  w i th  \0% medium g r a in s ,  
m odera te ly  t o  w e l l  s o r t e d ,  coarsens s l i g h t l y  w i t h  dep th ,  
q u a r tzo se ,  c o n ta in s  t r a c e  o f  heavy m i n e r a l s ................................... 0 .6  ( 2 .0 )
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SECTION 309
C o m p o s i te  s e c t i o n .  Upper 1 .8  m (6 f t )  and low e r  1 .5  m (5 f t )  a re  hand 
auger b o r in g s .  M idd le  0 .5  m (1 .5  f t )  exposed In d ra inage  d i t c h .  L o c a te d  3 
m (10 f t )  w e s t  o f  S t a t e  R ou te  6 0 9 ,  0 . 8  km (2600 f t )  south  o f  G r e s s l t t  
( G r e s s l t t  7 . 5 *  q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 18, 4 , 1 4 9 ,4 0 0 m .N . ,  
3 4 9 , 080m .E .  Augered  by M .L .  M i t c h e l l  on 5 / 1 9 / 8 3 .  E l e v a t i o n  a t  top  o f  
s e c t i o n  Is a p p ro x im a te ly  3 .4  m (11 f t ) .
Th Ickness
Description meters- 1 f12
Tabb Fo rm a t io n ,  Lynnhaven Member
Sand, s i l t y ,  ve ry  l i g h t  brown, ve ry  f i n e  t o  f i n e  g r a i n e d . . . .  0 .1 5 ( 0 .5 )  
Sand, c l a y e y , ,  medium l i g h t  g ray  w i th  o ra n g Is h -g ra y  
m o t t l i n g ;  sand f r a c t i o n  is  ve ry  f i n e  t o  f i n e  g ra in e d ,
w e l l  s o r t e d ........................................................................................................  0 .6  (2 .0 )
Sand, m odera te ly  c l a y e y ,  medium l i g h t  g ray  w i t h  o ra n g ls h -  
g ray  m o t t l i n g ,  f i n e  g ra ined  w i t h  s c a t te re d  medium g r a in s ,
w e l l  s o r te d ,  m a ss ive ......................................................................................  0 .3  (1 .0 )
Sand, m odera te ly  t o  s l i g h t l y  c l a y e y ,  o ra n g is h  g ra y ,  f i n e  t o
medium g r a in e d ,  m odera te ly  w e l l  s o r t e d .............................................. 0 .1 5 (0 .5 )
Sand, s l i g h t l y  c l a y e y ,  y e l l o w is h - o r a n g e ,  f i n e  t o  coarse
g ra in e d ,  m odera te ly  t o  p o o r l y  s o r t e d ,  s c a t te re d  very  coarse
g r a in s  a t  base....................................................................................................  0 .3  (1 .0 )
Tabb Fo rm a t ion ,  S e d g e f le ld  Member
Sand, s l i g h t l y  c l a y e y ,  y e l l o w i s h - g r a y ,  f i n e  g ra in e d  w i th  
10$ medium g r a i n s ,  m odera te ly  t o  w e l l  s o r t e d ,  c o n ta in s
t r a c e  o f  heavy m i n e r a l s ................................................................................ 0 .3  (1 .0 )
C la y ,  s i l t y ,  medium g ra y  t o  b ro w n Is h -g ra y , l o c a l l y  sandy
(v e ry  f i n e  g r a i n e d ) ......................................................................................... 0 .3  (1 .0 )
Sand, m odera te ly  c l a y e y ,  medium l i g h t  g ray  w i t h  o ra n g is h -
g ray  m o t t l e d ,  f i n e  t o  medium g ra in e d ,  modera te ly  s o r t e d . . . .  0 .1 5 (0 .5 )
Sand, medium g ray  t o  y e l l o w i s h - g r a y ,  ve ry  f i n e  t o  ve ry  coarse 
g ra ined  w i t h  s c a t te re d  q u a r tz  and c l a y  pebb les ,  modera te ly  
t o  p o o r l y  s o r t e d ,  l o c a l l y  w i t h  c o n c e n t ra t io n s  o f  dark
g r a i n s ......................................................................................................................  0 .3  (1 .0)
C la y ,  s i l t y ,  sandy, medium g ra y ,  g ray  Ish -o range  a long f i n e
s i l t y  zones, c o n ta in s  s c a t te r e d  r o o t - l i k e  f ra g m e n ts ................  0 .3  (1 .0 )
Eas tove r  Formation
Sand, s i l t y ,  g r e e n i s h - g r a y ,  ve ry  f i n e  t o  f i n e  g ra in e d ,
e x c e l l e n t  s o r t i n g ,  c o n ta in s  an abundance o f  dark g r a i n s . . . .  0 .6  ( 2 .0 )
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SECTION 310
Hand auger b o r in g .  Located on unpaved secondary road above G u t h r i e  Creek
1 .6  km (1 m i le )  west o f  P a r t r i d g e  Landing ( G r e s s l t t  7 . 5 f q u a d ra n g le ) .  UTM 
c o o r d in a te s :  zone 18, 4 , 1 4 7 , 100m.N., 3 5 0 ,275m.E. S o l i s  removed by g r a d i n g  
o f  r o a d .  Augered by M.L. M i t c h e l l  on 9 /1 5 /8 3 .  E le v a t io n  a t  top  o f  s e c t io n  
Is a p p ro x im a te ly  3 .7  m (12 f t ) .
Th Ickness
Descr-I p± I o r  meters i i t J
Tabb Fo rm a t ion ,  Lynnhaven Member
S i l t ,  sandy, s l i g h t l y  c l a y e y ,  g ra y is h -o ra n g e ,  sand f r a c t i o n
Is ve ry  f i n e  g r a in e d ,  c o n ta in s  t r a c e  o f  heavy m i n e r a l s   0 .9  ( 3 .0 )
Sand, s i l t y ,  y e l l o w i s h - g r a y ,  ve ry  f i n e  t o  f i n e  g ra in e d ,
qu a r tzo se ,  c o n ta in s  t r a c e  o f  heavy m in e r a l s ..................................  0 .1 5 (0 .5 )
S i l t ,  ve ry  sandy, g r a y is h - o r a n g e ,  sand f r a c t i o n  Is very  f i n e  
g ra in e d ,  l o c a l l y  i n t e r m o t t l e d  w i th  y e l l o w is h - g r a y  s i l t y
f i n e  g ra ined  sand, l o c a l l y  t h i n l y  In te rb e d de d .............................. 0 .6  (2 .0 )
Sand, s l i g h t l y  s i l t y ,  y e l l o w i s h - g r a y ,  f i n e  g ra ined  w i th  
s c a t te re d  medium g r a i n s ,  w e l l  s o r t e d ,  c o n ta in s  t r a c e  o f  
heavy m in e ra ls  and m i c a . . . . ....................................................................... 0 .1 5 (0 .5 )
SECTION 311
Hand auge r  b o r i n g .  L o c a te d  1 .5 m (5 f t )  south  o f  unpaved secondary road
1 .3  km ( 4 4 0 0  f t )  n o r t h w e s t  o f  P a r t r i d g e  L a n d i n g  ( G r e s s l t t  7 . 5 *  
q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 18, 4 ,1 4 7 ,875m.N. ,  3 5 0 ,740m.E. S o i l s  
removed by g ra d in g  o f  ro a d .  Augered by M.L. M i t c h e l l  on 9 /1 5 /8 3 .  E le v a t io n  
a t  to p  o f  s e c t i o n  Is  a p p ro x im a te ly  13.1 m (43 f t ) .
ThIckness
D e s c r I p t i o n  meters ( f t )
Chuckatuck fo rm a t io n
S i l t ,  sandy, c l a y e y ,  g ra y is h - o r a n g e ,  l i g h t l y  m o t t l e d ,
c o m p a c t . . . .............................................................................................................. 0 .6  (2 .0 )
Sand, s i l t y ,  o ra n g Is h - g r a y ,  f i n e  g ra in e d  w i th  s c a t te r e d
g ra nu le s  and p ebb les ,  m odera te ly  s o r te d ,  compact.......................  0 .3  (1 .0 )
Sand, s i l t y ,  o ra n g Is h - g r a y ,  f i n e  g ra in e d ,  3 cm d iam ete r
q u a r tz  cobb les  a t  base, compact .............................................................. 0 .1 5 (0 .5 )
Sand, s i l t y ,  o ra n g Is h - g r a y ,  f i n e  g ra in e d  w i t h  s c a t te r e d
g ra nu le s  and pebb les ,  compact..................................................................  0 .1 5 (0 .5 )
Yorktown Formation
Sand, ve ry  s i l t y ,  ye I l o w l s h - g r a y ,  ve ry  f i n e  g r a in e d ,  ve ry  
w e l l  s o r te d ,  c o n ta in s  a p p ro x im a te ly  2% dark  g r a in s ,
compact,  sediment ty p e  b o rd e rs  on sandy s i l t ...................................  0 .5  ( 1 .5 )
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SECTION 312
Hand auger b o r in g .  Located 0 .9  m (3 f t )  s o u th  o f  unpaved s e c o n d a r y  ro a d
1 . 4  km ( 4 6 0 0  f t )  n o r t h w e s t  o f  P a r t r i d g e  L a n d i n g  ( G r e s s l t t  7 . 5 *  
qu a d ra n g le ) .  UTM c o o rd in a te s :  zone 18, 4,1 4 7 , 900m.N . ,  3 5 0 , 600m .E .  S o i l s  
removed by g rad ing  o f  road .  Augered by M.L. M i t c h e l l  on 9 /1 5 /8 3 .  E le v a t io n  
a t  to p  o f  s e c t io n  Is a p p ro x im a te ly  10.7 m (35 f t ) .
Th Ickness
Descr I p t  ion meters  i_ft_)
Col luv lum, a sso c ia te d  w i t h  road d ra in a g e .............................................  0 . 1 5 ( 0 . 5 )
Yorktown Formation
Sand, s l i g h t l y  t o  m odera te ly  s i l t y ,  y e l l o w is h -o ra n g e ,  ve ry  
f i n e  g ra in e d ,  e x c e l l e n t  s o r t i n g ,  very  f r i a b l e ;  c o n ta in s  
l i g h t e r  g ray  lenses,  some w i th  dark manganese l i n i n g s  
( p o s s ib l y  s h e l l  g h o s t s ) ;  c o n ta in s  t r a c e  o f  dark g r a i n s   1.7 (5 .5 )
SECTION 313
Hand auger b o r in g .  Located 0 .9  m (3 f t )  s o u th  o f  unpaved s e c o n d a ry  road
1 . 4  km (4 8 0 0  f t )  n o r t h w e s t  o f  P a r t r i d g e  L a n d i n g  ( G r e s s l t t  7 . 5 f 
q u a d ra n g le ) .  UTM c o o r d in a te s :  zone 18, 4,1 47 ,8 9 0 m . N . ,  3 5 0 , 590m.E .  S o i l s  
removed by g ra d in g  o f  ro a d .  Augered by M.L. M i t c h e l l  on 9 /1 5 /8 3 .  E le v a t io n  
a t  to p  o f  s e c t i o n  Is  a p p ro x im a te ly  6.1 m (20 f t ) .
ThIckness
Q£5 gr.I p.t.ip.n meters ( f t )
Col luv lum, a ssoc ia ted  w i t h  road d ra in a g e .............................................. 0 . 1 5 ( 0 . 5 )
Tabb Form at ion ,  Lynnhaven Member
Sand, ve ry  s i l t y ,  s l i g h t l y  c l a y e y ,  o ra n g Is h -g ra y  and y e l lo w ­
ish gray  m o t t l e d ,  c o n ta in s  s c a t t e r e d  g ra n u le s  and p e b b le s . .  0 .9  (3 .0 )  
Sand, s l i g h t l y  s i l t y ,  w h i te  t o  ye I l o w l s h - g r a y , ve ry  f i n e  t o  
f i n e  g ra ined  w i t h  s c a t t e r e d  coa rse  g r a i n s ,  w e l l  s o r te d ,  
c o n ta in s  t r a c e  o f  heavy m i n e r a l s ...........................................................  0 .8  ( 2 .5 )
SECTION 314
Hand a u ge r  b o r i n g .  L o c a te d  j u s t  o f f  unpaved secondary road a t  P a r t r i d g e  
L a n d i n g  ( G r e s s i t t  7 . 5 *  q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  z o n e  1 8 ,
4,1  4 7 ,0 7 5 m .N . ,  351800m .E .  S o i l s  removed by g ra d in g  o f  road.  Augered by 
M.L. M i t c h e l l  on 9 /1 5 /8 3 .  E le v a t io n  a t  to p  o f  s e c t i o n  Is  a p p ro x im a te ly  6.1 
m (20 f t ) .
Th Ickness
Dgscr i p t . Ion meters ( f t )
Tabb Format ion  (?)
Sand, y e l l o w i s h - g r a y ,  f i n e  g ra in e d  w i t h  s c a t te r e d  medium 
g r a i n s ,  we l l  s o r t e d ,  c o n ta in s  s c a t te re d  o ra n g Is h -g ra y  
c la y e y  zones  1 .8  ( 6 .0 )
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SECTION 315
Hand auge r  b o r i n g .  L o c a te d  J u s t  o f f  unpaved secondary road a t  P a r t r i d g e  
L a n d in g  ( G r e s s l t t  7 . 5 *  q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  4 , 1 4 5 ,8 0 0 m . N . , 
3 4 8 , 890m.E.  S o i l s  removed by g ra d in g  o f  road .  Augered by M.L.  M i t c h e l l  on 
9 /1 5 /8 3 .  E le v a t io n  a t  to p  o f  s e c t i o n  Is  a p p ro x im a te ly  9.1 m (30 f t ) .
ThIckness
P.£5crJp±lgp meters ( f t )
S h i r l e y  fo rm a t io n
Sand, ve ry  c la y e y  and s i l t y ,  g ra y is h -o ra n g e  w i t h  g ray  
m o t t l i n g ,  f i n e  t o  medium g ra in e d ,  modera te ly  s o r t e d ,
c o n ta in s  s c a t te r e d  coarse  g r a i n s ...........................................................
Sand, m odera te ly  s i l t y ,  o ra n g ts h - g r a y ,  f i n e  t o  medium g ra in e d
w i t h  s c a t te re d  g ra n u le  s i z e  g r a v e l .......................................................
G ra ve l ,  s i l t y ,  sandy, moderate redd Ish -o range ,  p o o r l y  s o r t e d ,
g ra ve l  ranges from g ra nu le s  t o  4 cm d iameter  p e b b le s ..............
Yorktown Formation
Sand, s i l t y ,  y e l l o w is h - g r a y ,  f i n e  g ra in e d ,  w e l l  s o r t e d ;  top  
6 c e n t im e te rs  burrowed,  w i th  coarse  m a te r ia l  f rom above 
f i l l i n g  burrows;  to p  6 c e n t lm e n te rs  a ls o  w i t h  s i l t y  orange 
m o t t I  In g ..................................................................................................................
SECTION 316
Hand a u g e r  b o r i n g .  L o c a t e d  1 . 5  m (5  f t )  w e s t  o f  S t a t e  R ou te  601 
305 m (1000 f t )  n o r t h w e s t  o f  Roane ( G r e s s l t t  7 . 5 *  q u a d r a n g l e ) .  UTM 
c o o rd in a te s :  zone 18, 4 ,1 45750m.N. ,  3 4 8 ,890m.E. Groundwater encountered a t  
1 .2 m (4 f t )  dep th .  Abandoned due t o  r e p e a te d  c a v e - I n .  Augered  by M .L .
M i t c h e l l  on 5 /1 9 /8 3 .  E le v a t io n  a t  top  o f  s e c t i o n  Is 1.2 m (4 f t ) .
Th ickness
D e s c r I p t i o n  meters ( f t )
Tabb Fo rm at ion ,  Poquoson Member
Sand, s i l t y ,  s l i g h t l y  c l a y e y ,  g ra y is h -b ro w n ,  f i n e  g r a i n e d . . . .  0 .3  (1 .0 )  
Sand, g r a y is h -o r a n g e ,  f i n e  g ra in e d  w i th  \0% medium g r a in s ,
w e l l  s o r te d ,  q u a r tzo se ,  coarsens s l i g h t l y  downward  1.2 (4 .0 )
Sand, g ray  Ish -o ra ng e ,  f i n e  t o  medium g ra in e d ,  m odera te ly  
we l l  s o r te d ,  c o n ta in s  s c a t te r e d  coarse  g r a in s ,  q ua r tzose  
c o n ta in s  t r a c e  o f  heavy m i n e r a l s   0 .5  (1 .5 )
0 .6  (2 .0 ) 
0 .8  (2 .5 )  
0 .1 5 ( 0 . 5 )
0 .3  (1 .0)
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SECTION 317
Hand auge r  b o r i n g .  L o c a te d  6 .1  m (20 f t )  n o r t h  o f  S t a t e  R o u t e  669
2 . 3  km ( 1 . 4  m i l e s )  sou thwest  o f  S IgnpIne  ( G r e s s l t t  7 .5 *  q u a d ra n g le ) .  UTM 
c o o rd in a te s :  zone 18, 4 , 143730m.N., 3 5 2 ,375m.E. Groundwater encountered a t
1 .7  m ( 5 . 5  f t )  d e p t h .  Abandoned due t o  repeated  c a v e - I n .  Augered by M.L. 
M i t c h e l l  on 10 /19 /83 .  E le v a t io n  a t  to p  o f  s e c t i o n  Is  2.1 m (7 f t ) .
ThIckness
Description meters .(.ftl
Tabb Fo rm a t ion ,  Lynnhaven Member
Sand, ve ry  c l a y e y ,  ( o r  sandy c l a y ) ,  l i g h t  brown t o
y e l l o w is h  g ra y ,  f i n e  t o  medium g r a in e d   1.1 (3 .5 )
Sand, ve ry  s l i g h t l y  c la y e y ,  ye I l o w ls h - g r a y  t o  o ra n g Is h -g ra y  
medium t o  coarse  g ra in e d ,  m odera te ly  w e l l  s o r t e d ,  sub­
rounded, q u a r tzose ,  c o n ta in s  a t r a c e  o f  heavy m i n e r a l s   0 .8  ( 2 .5 )
SECTION 318
Hand auger b o r in g .  Located 2 .4  m (8 f t )  n o r th  o f  S t a t e  R ou te  684 a t  West 
End ( G r e s s i t t  7 . 5 *  q u a d ra n g le ) .  UTM c o o rd in a te s :  zone 18, 4 ,1 4 4 ,650m.N. ,  
3 4 9 ,880m.E. Groundwater encountered a t  0 .3  m (1 f t )  d e p t h .  Abandoned due 
t o  repeated  c a v e - I n .  Augered by M.L. M i t c h e l l  on 1 1 /3 /8 2 .  E l e v a t io n  a t  top  
o f  s e c t i o n  Is a p p ro x im a te ly  0.6m (2 f t ) .
Th ickness
D&scrlp.t i on meters I i l l
Holocene marsh d e p o s i ts
C la y ,  sandy, s i l t y ,  dark g ray  w i t h  o rang Ish-b rown m o t t l i n g  
near base, l o c a l l y  b la c k ,  c o n ta in s  abundant r o o t  fragments
and o rg a n lc s ,  ve ry  sandy a t  base   0 .4  ( 1 .2 )
Tabb Form at ion ,  Poquoson Member
C la y ,  sandy, s i l t y ,  grades downward In to  c la y e y  s i l t y  sand, 
g ra y is h -o ra n g e  t o  pa le  y e l l o w is h -b ro w n ,  sand f r a c t i o n  Is 
ve ry  f i n e  t o  f i n e  g ra in e d ,  w e l l  s o r t e d ,  c o n ta in s  s c a t te r e d
r o o t  f ra g m e n ts   0 .3  (1 .1 )
Sand, c l a y e y ,  l i g h t  o l i v e  g ray  t o  pa le  y e l lo w is h -b ro w n ,  
i n t e r m o t t l e d  w i th  moderate redd Ish-brown s i l t ,  ve ry  f i n e
t o  f i n e  g r a in e d ,  w e l l  s o r t e d   0 .2  ( 0 .8 )
Sand, m odera te ly  c la y e y ,  medium l i g h t  g ray  t o  l i g h t  brown, 
f i n e  g ra in e d ,  w e l l  s o r t e d ,  subangu la r  t o  subrounded,  con­
t a i n s  s c a t te re d  b la ck  c o n c e n t ra t i o n s  (heavy m in e ra ls  o r
manganese o x id e ) ,  becomes less c la y e y  w i t h  d e p th   0 .2  (0 .7 )
Sand, s l i g h t l y  c la y e y  a t  top  t o  no c l a y  a t  base, l i g h t  g ray  
t o  g ra y is h -o ra n g e ,  f i n e  g ra in e d  a t  to p  g ra d in g  t o  f i n e -
medium g ra in e d  a t  base, w e l l  s o r t e d ,  subrounded, c o n ta in s
2 -3% dark g r a in s  (heavy m in e ra ls  o r  g l a u c o n i t e )   0 .3  ( 1 .0 )
Sand, g r a v e l l y ,  g ray  Ish -o range  t o  dusky y e l l o w ,  f i n e  t o  ve ry  
coa rse  g r a in e d ,  p o o r l y  s o r t e d ,  subangu la r  t o  subrounded,  
pebb les a re  quar tzose  and In th e  0 .5  t o  1.0 cm s i z e  range,  
c o n ta in s  s c a t te re d  dark g r a i n s   0 .3  (0 .9 )
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Eas+over Formation
Sand, ye I low !sh -g ra y  t o  dusky y e l l o w ,  f i n e  g ra in e d  w i th  
s c a t te re d  medium g r a in s ,  w e l l  s o r te d ,  subangu la r  t o  sub­
rounded, q u a r tzo se ,  c o n ta in s  1-2$ dark g r a i n s .............................. 0.1 ( 0 .4 )
SECTION 319
Hand auge r  b o r i n g .  L o c a te d  6 .1  m (20 f t )  n o r t h  o f  S t a t e  R o u t e  684
1.1  km ( 3 7 0 0  f t )  e a s t  o f  West End ( G r e s s l t t  7 . 5 *  q u a d r a n g l e ) .  UTM 
c o o rd in a te s :  zone 18, 4 ,1 4 4 ,375m.N., 3 5 0 ,800m.E. G ro u n dw a te r  a t  1 .2  m (4 
f t )  d e p t h .  Abandoned due t o  repeated  c a v e - In .  Augered by M.L. M i t c h e l l  on 
1 1 /3 /8 2 .  E le v a t io n  a t  top  o f  s e c t i o n  Is a p p ro x im a te ly  1.5  m (5 f t ) .
D e s c r I p t i o n  Th ickness
meters f f t )
Tabb Fo rm a t ion ,  Poquoson Member
S i l t ,  sandy, s l i g h t l y  c la y e y ,  dark brown............................................  0 . 1 5 ( 0 . 5 )
Sand, c la y e y ,  s i l t y ,  dusky y e l l o w .............................................................. 0 .8  ( 2 .5 )
Sand, l i g h t  g ray  t o  dusky y e l l o w ,  f i n e  g r a in e d ,  w e l l  
s o r te d ,  subangu la r  t o  subrounded,  c o n ta in s  s c a t te re d
heavy m ine ra l  lam inae.................................................................. .................  0 .9  ( 3 .0 )
SECTION 320
Hand auge r  b o r i n g .  L o c a te d  6 .1  m (20 f t )  n o r t h  o f  S t a t e  R o u t e  684
2 . 3  km ( 1 . 4  m i l e s )  e a s t  o f  West End ( G r e s s l t t  7 . 5 f q u a d r a n g l e ) .  UTM
c o o rd in a te s :  zone 18, 4 ,1 4 4 ,780m.N., 351 , 950m.E. G ro u n dw a te r  e n c o u n te r e d  
a t  1 .5  m (5 f t )  dep th .  Abandoned due t o  repeated  c a v e - I n .  Augered by M.L.
M i t c h e l l  on 1 1 /3 /8 2 .  E le v a t io n  a t  to p  o f  s e c t i o n  Is 2 .7  m (9 f t ) .
Descr i p t  ion Th ickness
meters ( f t )
Tabb Fo rm at ion ,  Lynnhaven Member
S i l t ,  sandy, s l i g h t l y  c la y e y ,  dark brown I s h - g r a y ............................ 0 .3  ( 1 .0 )
Sand, c l a y e y , ,  g ray  w i th  o r a n g is h -g r a y  m o t t l i n g ,
sand f r a c t i o n  is  very  f i n e  t o  f i n e  g r a in e d ..................................... 1 .1 ( 3 .7 5 )
Sand, s l i g h t l y  c l a y e y ,  medium l i g h t  g ray  t o  l i g h t  
brown, f i n e  g ra in e d ,  w e l l  s o r t e d ,  subangu la r  t o  sub­
rounded, q u a r tzo se ,  c o n ta in s  a p p ro x im a te ly  5$ dark
opaque g r a i n s ......................................................................................................  0 . 7 5 ( 0 . 2 )
Sand, y e l l o w is h - g r a y ,  f i n e  t o  ve ry  coarse  g ra in e d ,  
modera te ly  t o  p o o r l y  s o r t e d ,  subangu lar  t o  sub-  
rounded, q u a r tzo se ,  c o n ta in s  a t r a c e  o f  dark opaque
g r a i n s ......................................................................................................................  0 . 1 5 ( 0 . 5 )
Sand, y e l l o w i s h - g r a y ,  f i n e  g ra in e d  w i th  s c a t te re d  
medium g r a i n s ,  w e l l  s o r t e d ,  subrounded,  q u a r tz o s e ,
c o n ta in s  a p p ro x im a te ly  5$ dark opaque g r a i n s ................................  0 . 1 5 ( 0 . 5 )
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SECTION 321
Hand auge r  b o r i n g .  L o c a te d  a t  f o r k  in unpaved secondary road 274 m (900 
f t )  no r thw es t  o f  Tanyard Landing ( G r e s s l t t  7 . 5 1 q u a d r a n g l e ) .  UTM c o o r d i ­
n a t e s :  zone 18, 4 ,1 4 6 ,500m.N., 3 5 2 ,310m.E. Groundwater encountered a t  4 .7  
m (15 .5  f t )  dep th .  Abandoned due t o  r e p e a te d  c a v e - I n .  Augered  by M .L .  
M i t c h e l l  on 1 1 /4 /8 2 .  E le v a t i o n  a t  to p  o f  s e c t i o n  Is 4 .9  m (16 f t ) .
D e s c r I p t i o n  Th ickness
m e t e r s - l t . ! )
Tabb Fo rm a t ion ,  Lynnhaven Member
Sand, s i l t y ,  pa le  y e l l o w is h  brown, f i n e  g r a in e d ..............................  0 .3  ( 1 .0 )
Sand, l i g h t  brown, f i n e  t o  medium g r a in e d ............................................ 1 .1 (3 .7 5 )
Sand, dark y e l l o w is h -o ra n g e ,  f i n e  g ra ined  w i t h  10^ 
medium g r a in s ,  we l l  s o r te d ,  subangula r  t o  subrounded,
most q u a r tz  g r a in s  a re  orange I r o n - s t a i n e d .....................................  0 .2 (0 .7 5 )
Sand, pa le  y e l l o w is h -o ra n g e ,  f i n e  t o  medium g ra in e d ,  
w e l l  s o r te d ,  subangu la r  t o  subrounded,
qu a r tzo se ,  c o n ta in s  a t r a c e  o f  heavy m inera l  g r a i n s ................. 0 .6  (2 .0 )
Sand, dark y e l l o w is h -o ra n g e ,  f i n e  t o  medium g ra in e d  
w i th  a p p ro x im a te ly  5% coarse  g r a in s ,  modera te ly  w e l l
s o r t e d ,  q u a r t z  g r a in s  a re  I r o n - s t a i n e d ..............................................  0 . 1 5 (0 .5 )
Sand, y e l l o w ls h - g r a y ,  ve ry  f i n e  t o  f i n e  g ra in e d  w i th  
a p p ro x im a te ly  5$ medium g r a i n s ,  w e l l  s o r te d ,  a n gu la r  
t o  subrounded, c o n ta in s  a p p ro x im a te ly  3-4% heavy
m ine ra l  g r a i n s ....................................................................................................  0 .1 5 (0 .5 )
Sand, as above b u t  f i n e  t o  medium g r a in e d ...........................................  0 .6  (2 .0 )
Sand, dark y e l l o w is h -o ra n g e ,  f i n e  t o  ve ry  coarse  g r a in e d ,  
m odera te ly  w e l l  s o r t e d ,  becomes co a rse r  g ra in e d  w i th  
depth (10)6 coarse  a t  to p  t o  50% a t  base) ,  q u a r tz o s e ,
subangu la r  t o  rounded...................................................................    0 .7 (2 .2 5 )
Sand, pe bb ly ,  w h i te  t o  y e l l o w i s h - g r a y ,  very  f i n e  g ra in e d
t o  pe bb ly ,  p o o r l y  s o r t e d ,  becomes co a rse r  w i t h  dep th ,
c lean  q u a r tzose ,  c o n ta in s  abundant heavy m ine ra l  g r a in s  
and some reworked g la u c o n i t e ,  pebbles a re  q u a r t z  and
c h e r t ........................................................................................................................  0 .7 ( 2 .2 5 )
Sand; as above, b u t  medium g ra in e d  t o  p e b b ly ....................................  0 .5  ( 1 .5 )
SECTION 324
Hand auger b o r in g .  L o c a te d  a t  end o f  unpaved s e c o n d a ry  ro a d  on P u r ta n  
Is la n d  ( G r e s s l t t  7 . 5 r q u a d ra n g le ) .  UTM coord I na te s :zo n e  18, 4 , 1 4 2 ,410m.N.,
3 5 1 , 300m.E .  Augered  by M .L .  M i t c h e l l  on 9 / 8 / 8 3 .  E l e v a t i o n  a t  t o p  o f
s e c t i o n  Is a p p ro x im a te ly  0 .5  m (1 .5  f t ) .
D e s c r I p t i o n  Th ickness
meters. ( I t )
Holocene marsh d e p o s i ts
Clayey s i l t y  r o o t  mass....................................................................................... 0 . 1 5 (0 .5 )
C la y ,  ve ry  s i l t y ,  modera te ly  sandy, dark brown t o  
b la c k ,  sand f r a c t i o n  is  ve ry  f i n e  t o  f i n e  g r a in e d ,
c o n ta in s  s c a t te r e d  r o o t  f ra g m e n ts .........................................................  0 .3  (1 .0 )
115
Tabb Fo rm a t io n ,  Poquoson Member
Sand, medium l i g h t  g ra y ,  f i n e  t o  medium g r a in e d ,
s l i g h t l y  o rg a n ic  due t o  r o o t  p e n e t ra t io n  from above................  0 .5  ( 1 .5 )
SECTION 325
Hand auger b o r in g ,  loca ted  3 .7  m (12 f t )  e a s t  o f  unpaved secondary road on 
P u r t a n  I s l a n d  0 .6  km (2000 f t )  n o r th e a s t  o f  t h e  York R ive r  ( G r e s s l t t  7 .5 *  
q u a d ra n g le ) .  UTM c o o rd in a te s :  zone 18, 4 ,1 4 2 ,650m.N., 3 5 1 ,380m.E. Taken In 
s m a l l  b a s in  w h ich  had been d ra in e d .  Augered by M.L. M i t c h e l l  on 9 /1 5 /8 3 .  
E le v a t io n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  0 .6  m (2 f t ) .
Holocene marsh d e p o s i t s
C la y ,  sandy, s i l t y ,  o rang ish-b rown t o  b la c k ,  sand 
f r a c t i o n  Is  ve ry  f i n e  t o  f i n e  g ra in e d ,  woody
fragments  and ro o ts  th r o u g h o u t ................................................................ 1 .2 ( 4 .0 )
SECTION 326
Hand auger b o r in g .  Located 67 m (220 f t )  west o f  unpaved secondary road on 
P u r t a n  I s l a n d  0 .7  km (2300 f t )  n o r th e a s t  o f  t h e  York R ive r  ( G r e s s l t t  7 .5 *  
q u a d ra n g le ) .  UTM c o o rd in a te s :  zone 18, 4 , 1 42,830m.N. ,  3 5 1 ,320m.E. Augered  
by M . L . M i t c h e l l  on 9 /1 5 /8 3 .  E le v a t io n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  
0 .3  m (1 f t ) .
D e s c r i p t i o n  Th ickness
meter s.i .ft)
Holocene marsh d e p o s i t s
C layey s i l t y  r o o t  mass......................................................................................  0 . 1 5 (0 .5 )
C la y ,  ve ry  s i l t y ,  dark  brown t o  b la c k ,  c o n ta in s
s c a t t e r e d  r o o t  f ra g m e n ts .................................................. ..........................  1.1 (3 .5 )
Sand, f i n e  g ra in e d ,  medium dark g ra y ,  o r g a n i c .................................  0 .0 6 ( 0 .2 )
SECTION 327
Hand a u g e r  b o r i n g .  L o c a te d  on smaI I r i s e  12 m (40 f t )  e a s t  o f  unpaved 
secondary road on Pur tan Is la n d  0 . 9  km (3000 f t )  n o r t h e a s t  o f  t h e  York  
R iv e r  ( G r e s s l t t  7 . 5 f q u a d ra n g le ) .  UTM c o o rd In a te s :z o n e  18, 4 ,1 4 3 ,0 5 0 ,m .N . , 
3 5 1 , 410m .E .  Augered  by M .L .  M i t c h e l l  on 9 / 8 / 8 3 .  E l e v a t i o n  a t  t o p  o f  
s e c t i o n  Is  a p p ro x im a te ly  1.1 m (3 .5  f t ) .
D e s c r I p t l o n  Th ickness
meters ( f t )
Tabb F o rm a t io n ,  Poquoson Member
Sand, s i l t y ,  l i g h t  brown, f i n e  g ra in e d  w i t h  a p p r o x i ­
m a te ly  5% medium g r a i n s ,  c o n ta in s  r a r e  s c a t te re d  
c o a rse  g r a in s  a t  base, w e l l  s o r te d  c o n ta in s  a t r a c e
o f  heavy m inera l  g r a in s  and a smal l  amount o f  m ic a ................... 1 .5  (5 .0 )
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SECTION 328
Hand auger b o r in g .  Located a t  edge o f  sm a l l  I s l a n d  on s o u t h e r n  s h o re  o f  
M o r r i s  Bay 0 .8  km (2600 f t )  n o r th  o f  West End ( G r e s s l t t  7 . 5 1 q u ad ra n g le ) .  
UTM c o o rd in a te s :  4 ,1 4 5 ,430m.N., 3 5 0 ,060m.E. Augered  by M .L .  M i t c h e l l  on 
9 /1 5 /8 3 .  E le v a t io n  a t  to p  o f  s e c t io n  Is a p p ro x im a te ly  0 .8  m (2 .5  f t ) .
D e s c r i p t i o n  Th ickness
meters, .(it)
Holocene marsh d e p o s i t s
Clayey s i l t y  r o o t  mass, b l a c k ......................................................................  0 .1 5 ( 0 ,5 )
S i l t ,  sandy, c l a y e y ,  b la ck  t o  dark brown, sand f r a c t i o n  
i s  very  f i n e  t o  f i n e  g r a in e d ,  becomes more sandy w i t h  
de p th ,  c o n ta in s  s c a t t e r e d  r o o t  f ragments ,  h igh  water
c o n t e n t .................................................................................................................... 0 .5  (1 .5 )
Sand, c l a y e y ,  s i l t y ,  dark  b ro w n ish -g ra y ,  ve ry  f i n e  t o  
f i n e  g ra ined  w i th  a p p ro x im a te ly  medium g r a i n s ,
organ I c ....................................................................................................................  0 .3  (1 .0 )
Sand, s i l t y ,  dark b ro w n ish -g ra y  w i t h  medium gray  m o t t l i n g  
f i n e  g ra in e d  w i th  a p p ro x im a te ly  10^ medium g r a i n s ,
c o n ta in s  s c a t te r e d  coarse  g r a i n s ,  wel l  s o r t e d , o r g a n i c    0 .1 5 ( 0 .5 )
Sand, s i l t y ,  dark  b ro w n ish -g ra y  w i th  medium gray  mot­
t l i n g ,  f i n e  t o  medium g ra in e d  w i t h  less than 5% coarse  
g r a i n s ,  c o n ta in s  one pebb le ,  modera te ly  we l l  s o r t e d ,
o r g a n i c ....................................................................................................................  0 . 1 5 (0 .5 )
Tabb Fo rm a t io n ,  Poquoson Member
Sand, s i l t y ,  medium l i g h t  g ra y ,  f i n e  g ra in e d  w i th  
s c a t te r e d  medium g r a i n s ,  we l l  s o r t e d ,  qu a r tzose ,
c o n ta in s  a t r a c e  o f  heavy m ine ra l  g r a i n s ..........................................  0 .3  ( 1 .0 )
SECTION 329
Hand auger b o r i n g .  Located on smal l  Is land  on sou thern  shore o f  M o r r is  Bay 
0 .8  km (2800 f t )  n o r th  o f  West End ( G r e s s l t t  7 .5 *  q u a d ra n g le ) .  UTM c o o r d i ­
n a t e s :  zone 18, 4 ,1  4 5 , 480m. N . ,  3 5 0 , 100m.E. Groundwater a t  1 .5 m (5 f t )  
dep th .  Abandoned due t o  r e p e a te d  c a v e - I n .  Augered  by M .L .  M i t c h e l l  on 
1 1 /1 5 /8 3 .  E le v a t io n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  1.2 m (4 f t ) .
Dfcscr i p t I o n  Th ickness
meters, i .ft)
Tabb Fo rm a t io n ,  Poquoson Member
S i l t ,  ve ry  sandy, g r a y is h - b r o w n ..................................................................  0 .3  ( 1 .0 )
S l i t ,  ve ry  sandy, l i g h t  brown, sand f r a c t i o n  i s  ve ry  f i n e
g ra in e d  and w e l l  s o r t e d ................................................................................ 0 .6  (2 .0 )
Sand, s i l t y ,  s l i g h t l y  c l a y e y ,  l i g h t  brown t o  o r a n g ls h -
g r a y ,  ve ry  f i n e  t o  f i n e  g ra in e d ,  very  w e l l  s o r t e d .....................  0 .3  ( 1 .0 )
Sand, s i l t y ,  l i g h t  brown t o  o ra n g Is h - g r a y ,  ve ry  f i n e  t o
f i n e  g ra in e d ,  ve ry  w e l l  s o r t e d ................................................................  0 .5  (1 .5 )
Sand, s i l t y ,  medium l i g h t  g ra y ,  ve ry  f i n e  t o  f i n e  g ra in e d  
w i t h  s c a t te re d  medium g r a i n s ,  c o n ta in s  a t r a c e  o f  heavy 
m i n e r a l s ..................................................................................................................  0 .1 5 (0 .5 )
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SECTION 330
Hand auger b o r in g .  Located a t  end o f  unpaved secondary road  0 . 4  km (1200 
f t )  n o r t h  o f  M o r r i s  Bay ( G r e s s l t t  7 .5 *  q u a d ra n g le ) .  UTM c o o r d in a te s :  zone 
18, 4 , 1 4 6 , 600m.N., 3 5 0 , 190m.E. Augered  by M .L .  M i t c h e l l  on 1 1 / 1 5 / 8 3 .  
E le v a t i o n  a t  to p  o f  s e c t i o n  Is  a p p ro x im a te ly  1.5 m (5 f t ) .
De s c r I p t i o n  Th ickness
meters, (ft)
Tabb F o rm a t io n ,  Poquoson Member
Sand, s i l t y ,  l i g h t  brown t o  y e l l o w i s h - g r a y ,  ve ry  
f i n e  t o  f i n e  g ra in e d ,  ve ry  w e l l  s o r te d ,  c o n ta in s
a t r a c e  o f  heavy m in e ra ls  and m ica ...........................................
Sand, w h i te  t o  y e l l o w i s h - g r a y ,  f i n e  t o  medium g ra in e d  
w i t h  s c a t t e r e d  coarse  g r a i n s ,  c o n ta in s  heavy m ine ra l
g r a in s  In c o n c e n t ra t io n s  ( la m in a e ? ) ,  we l l  s o r t e d ..............
Eas tover  Format ion
Sand, ve ry  s i l t y ,  s l i g h t l y  c l a y e y ,  medium gray  and
o ra n g Is h -g ra y  m o t t l e d ,  sand Is  ve ry  f i n e  g ra in e d ,  very  
w e l l  s o r t e d ,  c o n ta in s  a p p ro x im a te ly  2% dark opaque 
g r a i n s ,  sediment typ e  bo rde rs  on sandy s i l t .......................
SECTION 331
Hand a u g e r  b o r i n g .  L o c a t e d  15 m (5 0  f t )  n o r t h  o f  S t a t e  Rou te  684 
1.8  km (1.1 ml) west o f  S ignp ine  ( G r e s s l t t  7 .5 *  q u a d r a n g l e ) .  UTM c o o r d i ­
n a t e s :  zone 18 ,  4 ,1  45 ,340m.N . ,  3 5 2 , 725m.E. Groundwater a t  2 .7  m (9 f t )  
dep th .  Abandoned due t o  r e p e a te d  c a v e - I n .  Augered  by M .L .  M i t c h e l l  on 
1 1 /3 /8 4 .  E le v a t i o n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  3 .4  m (11 f t ) .
D e s c r i p t i o n  Th ickness
meters. (ft)
Tabb Fo rm a t io n ,  Lynnhaven Member
Sand, s i l t y ,  s l i g h t l y  c l a y e y ,  g r a y is h  brown, f i n e  g r a i n e d . . . .  0 .2  (0 .7 )  
Sand, c l a y e y ,  medium l i g h t  g ray  w i th  l i g h t  brown
m o t t l i n g ,  sand Is f i n e  g r a in e d .............................................................  1 .2 (4 .0 )
Sand, s i l t y ,  dusky y e l lo w  to  y e l l o w is h - g r a y ,  ve ry  f i n e  
t o  f i n e  g r a in e d ,  w e l l  s o r t e d ,  subangula r  t o  sub­
rounded, q u a r tz o s e ,  c o n ta in s  3-5J6 heavy m in e ra ls  and 
a t r a c e  o f  m ica ,  sequence from 2 .4  t o  3 .3  m depth
c o n ta in s  heavy m ine ra l  laminae and c o n c e n t r a t i o n s .....................  1 .8  ( 6 .0 )
1 .4 (4 .5 )  
0 .3  (1 .0 )
0 .1 5 (0 .5 )
118
SECTION 332
Hand auger b o r in g .  Located 3 m (10 f t )  s o u th  o f  S t a t e  Rou te  6 6 9 ,  2 .1  km 
( 1 . 3  m l )  s o u t h w e s t  o f  S l g n p l n e  ( G r e s s l t t  7 .5 *  q u a d ra n g le ) .  UTM c o o r d i ­
na tes :  zone 18, 4 , 1 4 3 , 690m.N., 3 5 2 , 690m.E.  Augered  by M .L .  M i t c h e l l  on 
1 0 /1 9 /8 2 .  E le v a t io n  a t  top  o f  s e c t i o n  Is a p p ro x im a te ly  2 .6  m (8 .5  f t ) .
D e s c r I p t l o n  Th ickness
meters ( f t )
Tabb Fo rm a t ion ,  Lynnhaven Member
C la y ,  ve ry  sandy, l i g h t  b r o w n . . .   1.1 ( 3 .5 )
Sand, modera te ly  c la y e y ,  l i g h t  g ray  w i th  o ra n g Is h -g ra y  
m o t t l i n g ,  medium t o  coa rse  g ra in e d  w i th  s c a t te re d
ve ry  coa rse  g r a i n s ,  m odera te ly  w e l l  s o r t e d ..................................... 0 .3  ( 1 .0 )
Sand, s i l t y ,  s l i g h t l y  c l a y e y ,  l i g h t  g ra y ,  ve ry  f i n e
t o  f i n e  g r a in e d ,  w e l l  s o r t e d ,  subrounded t o  rounded...............  0 .5  ( 1 .5 )
SECTION 401
Hand auger b o r in g .  Located 122 m (400 f t )  e a s t  o f  M i l l e r  L a n d in g  on t h e  
P o r o p o t a n k  R i v e r  ( G r e s s i t t  7.5® q u a d r a n g l e ) .  UTM c o o rd in a te s :  zone 18, 
4 ,1 4 8 ,075m.N., 3 5 3 ,890m.E. Groundwater encountered a t  3 .4  m (11 f t )  dep th .  
A u g e r e d  by M .L .  M i t c h e l l  on 5 / 1 4 / 8 0 .  E l e v a t i o n  a t  t o p  o f  s e c t i o n  Is  
a p p ro x im a te ly  10 m (33 f t ) .
D e s c r I p t i o n  Th ickness
meters ( f t )
S h i r l e y  fo rm a t io n
Sand, l i g h t  brown, medium g r a in e d .............................................................  0 .3  ( 1 .0 )
Sand, c l a y e y ,  moderate re d d ish -b ro w n ,  medium g r a in e d ................... 0 .8  ( 2 .5 )
Sand, g r a y is h -o ra n g e  t o  moderate redd Ish -o range ,
medium g ra in e d  w i t h  s c a t te re d  coarse  g r a in s ,  moder­
a t e l y  w e l l  s o r t e d ,  q u a r tzose ,  c o n ta in s  a t r a c e  o f
heavy m i n e r a l s ....................................................................................................  1.1 ( 3 .5 )
Sand, c l a y e y ,  b r i g h t  o range,  f i n e  t o  medium g ra in e d  
w i th  s c a t t e r e d  coarse  g r a in s ,  modera te ly  w e l l  s o r t e d ,  
becomes more c l a y - r i c h  w i th  dep th ,  c o n ta in s  a t r a c e  o f
heavy m in e ra ls  and reworked g la u c o n i t e  p e l l e t s ............................ 0 . 1 5 ( 0 . 5 )
C la y ,  s i l t y ,  l i g h t  g ray  w i t h  y e l lo w is h -o ra n g e  m o t t l i n g ,
c o n ta in s  se ve ra l  ve ry  t h i n  laye rs  o f  coarse  sand .......................  0 .1 5 ( 0 .5 )
S i l t ,  sandy, g ra y Is h -o ra n g e ;  sand f r a c t i o n  Is medium 
g r a in e d ,  w e l l  s o r t e d ,  subangula r  t o  subrounded;
c o n ta in s  a t r a c e  o f  heavy m i n e r a l s ....................................................... 0 .3  ( 1 .0 )
Sand, g ra y Is h -o ra n g e  t o  o range ,  grades from f i n e  t o  
medium g ra in e d  a t  to p  t o  medium t o  coarse  a t  base,
l o c a l l y  c la y e y  near base.............................................................................  0 .6  ( 2 .0 )
Sand, y e l l o w i s h - g r a y ,  f i n e  t o  very  coarse  g ra in e d ,  
p o o r l y  s o r t e d ,  subangu la r  t o  subrounded, q u a r tzose ,
c o n ta in s  a t r a c e  o f  heavy m in e ra ls  and g l a u c o n i t e ..................... 0 .3  ( 1 .0 )
Sand, c l a y e y ,  s i l t y ,  g ra y is h -o ra n g e ,  medium t o  coarse  
g r a in e d ,  m od e ra te ly  s o r t e d ,  q u a r tzose ,  c o n ta in s  a t r a c e  
o f  heavy m in e ra ls  and g l a u c o n i t e ...........................................................  0 . 1 5 ( 0 . 5 )
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Sand, g r a y is h -o ra n g e ,  f i n e  +o coarse  g ra in e d ,  p o o r l y
s o r t e d ,  c o n ta in s  a t r a c e  o f  dark opaque g r a i n s   0 .5  ( 1 .5 )
SECTION 402
Hand a u ge r  b o r i n g .  L o c a te d  a t  M i l l e r  L a n d in g  on t h e  P o ro p o ta n k  R iv e r  
( G r e s s l t t  7 . 5 *  q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 18 ,  4 , 1 4 7 , 980m .N . ,  
3 5 3 , 740m .E .  Augered  by M.L. M i t c h e l l  on 5 /1 4 /8 0 .  Groundwater a t  1 .2 m (4 
f t )  d e p th .  E le v a t io n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  1.5 m (5 f t ) .
De s c r I p t l o n  Th ickness
meters ( f t )
F i l l  mater I a I
C la y ,  s i l t y ,  dark g ra y ,  loose,  man-derived woody
fragments  th ro u g h o u t  ( p i e r  p i l i n g s ? )   0 .6  ( 2 .0 )
Holocene marsh d e p o s i t s
C la y ,  s i l t y ,  dark  g ray  t o  b ro w n is h -b la c k ,  h i g h l y  o r g a n ic ,  
numerous r o o t s  and woody f ragments th ro u g h o u t ,  more
compact than o v e r l y i n g  m a t e r i a l .............................................................  1 .2  ( 4 .0 )
SECTION 403
Hand auge r  b o r i n g .  Located 6 m (20 f t )  eas t  o f  unpaved secondary road a t  
Red Bank L a n d in g  on P o r o p o t a n k  R i v e r  ( G r e s s i t t  7 . 5 *  q u a d r a n g l e ) .  UTM 
c o o r d i n a t e s :  zone 18, 4 , 1 4 6 , 870m.N. ,  3 53 ,280m.E. Augered by M.L. M i t c h e l l  
on 4 /1 3 /8 0 .  E le v a t i o n  a t  to p  o f  s e c t io n  Is a p p ro x im a te ly  32 f t .
S h i r l e y  fo rm a t io n
Sand, s i l t y ,  s l i g h t l y  c l a y e y ,  l i g h t  brown...........................................  0 .6  ( 2 .0 )
Sand, c l a y e y ,  p a le  re d d is h -b ro w n ,  medium g r a in e d ............................ 0 .3  ( 1 .0 )
Sand, ve ry  s l i g h t l y  c la y e y  and s i l t y ,  orange a t  to p  
t o  dark y e l l o w is h -o ra n g e  a t  base, medium t o  very  
coarse  g r a in e d ,  pebb les th ro u g h o u t ,  p o o r l y  s o r t e d ,
q u a r tzo se ,  c o n ta in s  a t r a c e  o f  heavy m i n e r a l s ..............................  1 .2 ( 4 .0 )
Sand, dark y e l l o w is h - o r a n g e  a t  top  t o  y e l l o w is h - g r a y  
a t  base, medium g r a in e d ,  modera te ly  we l l  s o r t e d ,  
c o n ta in s  a t r a c e  o f  heavy m in e ra ls  and reworked
g l a u c o n i t e .............................................................................................................  0 .6  (2 .0 )
Sand, c l a y e y ,  moderate re d d is h -o ra n g e ,  medium g r a in e d ,
w e l l  s o r t e d ,  q u a r tz o s e ,  f e r r l c r e t e  a t  base..................................... 0 .3  (1 .0 )
S i l t ,  sandy, s l i g h t l y  c l a y e y ,  o range, sand f r a c t i o n  Is
f i n e  t o  medium g r a in e d .................................................................................. 0 .1 5 (0 .5 )
Eastover  Format ion
C la y ,  s i l t y ,  l i g h t  b l u i s h - g r a y  w i t h  o ra n g Is h -g ra y  mot­
t l i n g  a long s l l t l e r  l a y e r s ,  c o n ta in s  abundant f e r r l c r e t e ,  
sediment t y p e  b o rde rs  on c la y e y  s i l t ..................................................  0 .5  (1 .5 )
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SECTION 404
Hand auger  b o r i n g .  L o c a te d  a t  Haywood L a n d in g  on th e  Poropotank R iv e r  
( G r e s s l t t  7 . 5 T q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 18, 4 , 1 4 7 ,7 0 0 m .N . ,  
3 5 3 , 350m.E.  Groundwater encountered a t  5 m (16 .5  f t )  dep th .  Abandoned due 
t o  repeated c a v e - In .  Augered by M.L.  M i t c h e l l  on 5 /4 /8 3 .  E l e v a t i o n  a t  to p  
o f  s e c t i o n  Is a p p ro x im a te ly  32 f t .
D e s c r I p t  ion Th ickness
meters. lit.)
Road f i l l .................................................................................................................... 0 .3  (1 .0)
S h i r l e y  fo rm a t io n
Sand, c la y e y ,  g ra y is h -o ra n g e ,  f i n e  g r a in e d .........................................  0 .9  ( 3 .0 )
Sand, modera te ly  c l a y e y ,  g ra y Is h -o ra n g e  a t  top  t o  
o rang Ish  g ray  a t  base, f i n e  g ra ined  w i t h  s c a t te re d  
medium s ized  g r a i n s ,  becomes s l i g h t l y  co a rse r  and 
less c la y e y  w i t h  dep th ,  m odera te ly  s o r te d ,  massive, 
c o n ta in s  s c a t te re d  e n ig m a t ic  burrows ( w h i te  sand
b o d i e s ) .................................................................................................................... 1 .5 ( 5 .0 )
Sand, p e b b ly ,  s l i g h t l y  c l a y e y ,  p i n k i s h - g r a y ,  f i n e  t o
very  coarse  g r a in e d ,  m odera te ly  t o  p o o r l y  s o r t e d .......................  0 . 1 5 ( 0 . 5 )
Sand, s i l t y ,  p e b b ly ,  g ra y is h -o r a n g e ,  f i n e  t o  coarse 
g ra in e d ,  p o o r l y  s o r t e d ,  c o n ta in s  seve ra l  t h i n
yel lowlsh g ray  c lea n  sand l a y e r s ...........................................................  0 .6  (2 .0 )
Sand, p e b b ly ,  s l i g h t l y  c l a y e y ,  dusky y e l l o w ,  medium 
g ra in e d ,  m odera te ly  t o  p o o r l y  s o r t e d ,  c o n ta in s  
a p p ro x im a te ly  5% weathered g la u c o n i t e  and manganese
o x id e  near to p  o f  I n t e r v a l ......................................................................... 0 .5  (1 .5 )
Sand, pe bb ly ,  o ra n g Is h -g ra y  a t  to p  t o  l i g h t  g r e e n is h -
gray  a t  base, medium t o  coa rse  g ra in e d  w i th  a p p ro x i ­
mate ly  15% pebb les ,  m odera te ly  t o  p o o r l y  s o r te d ,  
c o n ta in s  abundant d a r k -c o lo re d  g r a in s  (reworked
g l a u c o n i t e ? ) ........................................................................................................  0 . 1 5 ( 0 . 5 )
Sand, as above b u t  s l i g h t l y  c l a y e y .............................................................. 0 .1 5 ( 0 .5 )
Sand, o ra n g ish -b ro w n ,  f i n e  t o  ve ry  coarse  g ra ined  w i th  
r a r e  s c a t te re d  pebb les ,  p o o r l y  s o r t e d ,  c o n ta in s  
abundant reworked g l a u c o n i t e  p e l l e t s ,  wad nodu les,
and f e r r l c r e t e ....................................................................................................  0 .5  (1 .5 )
Sand, s l i g h t l y  s i l t y ,  ye I lo w ls h -o ra n g e ,  f i n e  t o  coarse 
g ra in e d ,  m odera te ly  s o r t e d ,  c o n ta in s  s c a t te r e d  f e r r l ­
c r e t e  and r a r e  g r a in s  o f  g l a u c o n i t e .........................................................  0 .6  (2 .0 )
Sand, g ra y is h -o ra n g e ,  in te rbedded w i t h  l i g h t  g ray  c la ye y  
sand, medium g ra in e d  w i t h  s c a t te r e d  coarse s ize d  g r a in s ,  
modera te ly  w e l l  s o r t e d ,  beds appear seve ra l  Inches t h i c k . . .  0 .3  (1 .0 )
Sand, s i l t y ,  dark g r a y ,  ve ry  f i n e  t o  f i n e  g ra in e d ,  
modera te ly  w e l l  s o r t e d ,  c o n ta in s  r a r e  s c a t te re d  
coarse  g r a in s  a t  base, o rg a n ic  and c o n ta in s
s c a t te re d  r o o t l e t s ,  s l i g h t  o rg a n ic  smel l  when f r e s h ................  0 . 1 5 ( 0 . 5 )
Eastover  Formation
Sand, s i l t y ,  b i u l s h - g r a y  t o  g r e e n i s h -g r a y ,  ve ry  f i n e  
g ra in e d ,  w e l l  s o r t e d ,  la rg e  sample un recoverab le
due t o  groundwater in h o l e .........................................................................  0 . 1 5 (0 .5 )
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SECTION 405
Hand auge r  b o r i n g .  Located a t  end o f  S ta te  Route 609 on e a s t  bank o f  th e  
P o ro p o o ta n k  R i v e r  549 m (1800 f t )  n o r t h - n o r t h e a s t  o f  M i l l e r  L a n d i n g  
( G r e s s l t t  7 . 5 *  q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 18, 4 , 1 4 8 , 550m.N., 
3 5 4 , 100m.E. Augered  by M .L .  M i t c h e l l  on 6 / 6 / 8 3 .  E l e v a t i o n  a t  t o p  o f  
s e c t io n  Is 4 .6  m (15 f t ) .
D e s c r I p t l o n  Th ickness
m e l s r s - I i t J
Tabb Fo rm a t io n ,  Lynnhaven Member
Sand, s l i g h t l y  c la y e y  and s i l t y ,  g r a y i s h - y e l l o w ,
f i n e  t o  co a rse  g r a in e d   0 .3  (1 .0 )
Sand, m odera te ly  c la y e y  and s i l t y ,  b row n ish -o range ,
sand f r a c t i o n  Is f i n e  t o  coa rse  g r a in e d   0 .3  (1 .0 )
Sand, g ray  Ish -o ra ng e  w i t h  ye I l o w ls h - g r a y  m o t t l i n g ,  
f i n e  t o  medium g ra in e d  w i t h  s c a t te re d  ve ry  coarse
t o  g r a n u la r  s ize d  g r a i n s ,  m odera te ly  s o r t e d ..................................  0 .9  (3 .0 )
Sand, as above b u t  w h i te  t o  y e l l o w i s h - g r a y ,  a l s o
c o n ta in s  a t r a c e  o f  heavy m i n e r a l s ...............    0 .3  ( 1 .0 )
SECTION 406
Hand auger  b o r i n g .  L o c a te d  a t  end o f  S t a t e  R ou te  609 on e a s t  bank o f  
P o r o p o ta n k  R i v e r  549 m (1800  f t )  n o r t h - n o r t h e a s t  o f  Mi I I e r  L a n d i n g  
( G r e s s l t t  7 . 5 *  q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 18, 4 ,1 4 8  , 500m .N . ,  
3 5 4 , 070m.E.  A ugered  by M .L .  M i t c h e l l  on 6 / 6 / 8 3 ,  E l e v a t i o n  a t  t o p  o f  
s e c t io n  Is a p p ro x im a te ly  10 m (33 f t ) .
D e s c r I p t l o n  Th ickness
ms±ers-j(l-t2
S h i r l e y  fo rm a t io n
Sand, s i l t y ,  s l i g h t l y  c l a y e y ,  medium brown.........................................  0 .3  ( 1 .0 )
Sand, ve ry  c l a y e y ,  o ra n g Is h -b ro w n , sand f r a c t i o n  Is f i n e  t o
medium g ra in e d  w i t h  s c a t te r e d  coarse  g r a i n s ................................  0 .5  ( 1 .5 )
Sand, s i l t y ,  ve ry  c l a y e y ,  medium g ra y  w i th  f i n e  
o rang Ish-b rown m o t t l i n g ,  f i n e  t o  medium g ra ined
w i th  s c a t te r e d  coarse  g r a i n s ,  m odera te ly  s o r t e d .........................  0 .5  (1 .5 )
Sand, s l i g h t l y  t o  m odera te ly  s i l t y  and c la y e y ,  
g r a y i s h - y e l l o w  t o  o r a n g I s h - g r a y ,  f i n e  t o  medium 
g ra ined  w i t h  less than 10$ coarse  t o  ve ry  coarse  
s ized  g r a i n s ,  c o n ta in s  r a r e  s c a t t e r e d  pebbles near
t o p ,  m odera te ly  s o r t e d ..................................................................................  0 .5  ( 1 .5 )
Sand, as above b u t  m odera te ly  s i l t y  and c l a y e y ................................  0 . 1 5 ( 0 . 5 )
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SECTION 407
Hand auger b o r in g .  Located a t  bend In unpaved secondary road 1 .3  km (4200 
f t )  s o u th w e s t  o f  Adner  ( G r e s s l t t  7 . 5 f q u a d ra n g le ) .  UTM c o o rd in a te s :  zone 
18, 4 , 1 5 0 , 075m. N . ,  3 5 4 , 950m.E .  Augered  by M .L .  M I t c h e l  
E le v a t io n  a t  top  o f  s e c t i o n  Is a p p ro x im a te ly  17 m (57 f t ) .
Description
Chuckatuck fo rm a t io n
Sand, c la y e y ,  s i l t y ,  o ra n g Is h -g ra y  t o  o rang Ish -b rown ,sand  
f r a c t i o n  Is medium t o  coa rse  g ra in e d  and m odera te ly  
s o r t e d ,  s c a t te re d  pebbles a t  base, cobb le  zone exposed In 
road c u t  seve ra l  f e e t  below base o f  auger b o r i n g .......................... 1.8  (6 .0 )
SECTION 408
Hand auger b o r in g .  L o c a te d  In r o a d c u t  3 .7  m (12 f t )  s o u th w e s t  o f  U .S .  
H ighway 17, 1 .4  km (4700 f t )  s o u t h - s o u t h e a s t  o f  A dner  ( G r e s s l t t  7 .5 *  
q u ad ra n g le ) .  UTM c o o r d in a te s :  zone 18, 4 , 1 9 , 880m.N., 3 5 6 , 150m.E. Augered 
by M .L .  M i t c h e l l  on 6 /9 / 8 3 .  E le v a t io n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  
17 m (55 f t ) .
Th Ickness
D e s c r Ip t Io n  meters ( f t )
Yorktown Formation (weathered zone)
C la y ,  s i l t y ,  s l i g h t l y  sandy, dark brown, s c a t t e r e d  w h i te
c la y e y  f l e c k s ,  very  compact....................................................................... 1 .6 (5 .0 )
Sand, ve ry  s l i g h t l y  s i l t y ,  y e l l o w i s h - g r a y ,  f i n e  g r a in e d ,
we l l  s o r t e d ,  c o n ta in s  some g l a u c o n i t e ................................................  0 . 6 ( 2 . 0 )
SECTION 409
Hand auger b o r i n g .  L o c a te d  a t  end o f  S t a t e  R ou te  609 on e a s t  bank o f  
P o r o p o t a n k  R i v e r  549 m (1800 f t )  n o r t h - n o r t h e a s t  o f  M i l l e r  L a n d in g  
( G r e s s l t t  7 . 5 *  q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 18, 4 , 1 4 8 , 530m. N . ,  
3 5 4 ,220m.E. Abandoned due t o  repeated c a v e - In .  Augered by M.L. M i t c h e l l  on 
6 /6 / 8 3 .  E le v a t io n  a t  top  o f  s e c t i o n  Is  a p p ro x im a te ly  61 cm (2 f t ) .
Th Ickness
DcscrJpt.Igr? meters ( f t )
AI Iuv I urn
Sand, muddy, brown and brown Ish -o ra n g e ,  c o n ta in s  s c a t te r e d
s h e l l  f ra g m e n ts   0 .5  (1 .5 )
Tabb Fo rm a t ion ,  Lynnhaven Member
C la y ,  s i l t y ,  b l u i s h - g r a y  w i t h  orange m o t t l i n g ,  orange a long
s l l t l e r  zones, c o n ta in s  abundant r o o t  f ra g m e n ts   0 .6  (2 .0 )
Sand, g r a y i s h - y e l l o w  t o  o r a n g I s h - g r a y ,  f i n e  g ra in e d  w i th  
s c a t te r e d  medium g r a in s  a t  t o p ,  f i n e  t o  ve ry  coa rse  
g ra ined  a t  base, m od e ra te ly  s o r t e d ,  q u a r tz o s e ,  c o n ta in s  
t r a c e  o f  heavy m i n e r a l s   0 .8  (2 .5 )
I on 6 / 8 / 8 3 .
Th Ickness 
metera (ft)
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SECTION 410
Hand auger b o r i n g .  L o c a te d  b e lo w  abandoned sand p i t  1 .3  km (4200 f t )  
s o u t h e a s t  o f  P l a l n v i e w  ( G r e s s l t t  7 . 5 f q u a d ra n g le ) .  UTM c o o rd in a te s :  zone 
18, 4 , 1 5 0 , 1 30m .N . ,  3 5 3 , 460m .E .  Augered  by M .L .  M i t c h e l l  on 4 / 2 1 / 8 3 .  
E le v a t io n  a t  top  o f  s e c t i o n  Is 18.3 m (60 f t ) .
Th ickness
D e s c r i p t i o n  gi&ters—i i ± ) .
B a rh a m s v l l le  fo rm a t io n
C la y ,  l i g h t  g ra y ,  t h i n l y  In te rbedded w i th  moderate re d d ish
orange and g r a y i s h - y e l l o w  f i n e  t o  coarse  g ra ined  sand  1.2 (4 .0 )
Yorktown Formation (weathered zone)
Sand, very  c la y e y ,  dark brown, sand Is  ve ry  f i n e  t o  f i n e
g ra in e d ,  c o n ta in s  abunndant f e r r l c r e t e  and g l a u c o n i t e   0 .6  (2 .0 )
SECTION 411
Hand auger  b o r i n g .  L o c a te d  20 f e e t  e a s t  o f  S ta te  Route 610, 610 m (2000 
f t )  no r th  o f  S ignp lne  ( G r e s s l t t  7 .5 *  q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 
1 8 ,  4 , 1 4 5 , 6 8 0 m .N . ,  3 5 4 , 6 6 0 . E. Augered  by M .L .  M i t c h e l l  on 4 / 1 0 / 8 0 .  
E le v a t io n  a t  top  o f  s e c t i o n  Is ap p ro x im a te Iy  23 m (75 f t ) .
Th Ickness
QsscrJp tJ-Q_n meters ( f t )
Windsor Formation
Sand, s i l t y ,  s l i g h t l y  c l a y e y ,  dark ye I l o w is h -c ra n g e ,  sand
Is f i n e  t o  medium g r a in e d   0 .5  (1 .5 )
Sand, c la y e y ,  moderate r e d d is h -o ra n g e ,  sand Is f i n e  t o
medium g r a in e d   0 .5  (1 .5 )
Sand, moderate re d d ish -o ra n g e  t o  dark y e l l o w is h -o ra n g e ,  
f i n e  t o  medium g ra in e d ,  c o n ta in s  l i g h t  g ray  sandy c l a y
p e bb le s   0 .3  (1 .0)
C la y ,  sandy, moderate re d d is h -o ra n g e ,  sand f r a c t i o n  Is
f i n e  t o  medium g ra in e d  and m odera te ly  we l l  s o r t e d   0 .8  (2 .5 )
Sand, c la y e y ,  moderate redd Ish -o range  t o  g r a y i s h - y e l l o w ,
sand f r a c t i o n  Is medium g ra in e d  & w e l l  s o r t e d   0 .5  (1 .5 )
Sand, c la y e y ,  g r a y i s h - y e l l o w  t o  l i g h t  brown, medium g ra ined  
a t  top  g rad ing  t o  medium t o  coarse  g ra in e d  a t  base, f e r r l ­
c r e t e  a t  t o p ,  y e l l o w is h - g r a y  c l a y  pebbles a t  base  0 .6  (2 .0 )
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SECTION 412
Hand auge r  b o r i n g .  L o c a te d  3 m  (10 f t )  s o u th  o f  S t a t e  Route 669, 2 km 
( 1 . 2 5  m l )  s o u t h w e s t  o f  S I g n p I n e  ( G r e s s l t t  7 . 5 f q u a d r a n g l e ) .  UTM 
c o o r d i n a t e s :  zone 18, 4 ,1 4 3 ,700m.N., 3 5 2 ,820m.E. Groundwater a t  2 m (6 .5  
f t )  dep th .  Augered by M .L .  M i t c h e l l  on 1 0 / 1 9 / 8 2 .  E l e v a t i o n  a t  to p  o f  
s e c t i o n  Is a p p ro x im a te ly  3 m (10 f t ) .
ThIckness
D e s c r i p t i o n  meters ( f t )
Tabb Fo rm a t ion ,  Lynnhaven Member
Sand, ve ry  c l a y e y ,  o rang Ish-b rown t o  y e l l o w i s h - g r a y ,  sand
f r a c t i o n  Is very  f i n e  t o  f i n e  g ra in e d  & w e l l  s o r t e d ...............  1.8  (6 .0 )
Sand, s i l t y ,  c l a y e y ,  medium l i g h t  g ra y ;  sand f r a c t i o n  Is
very  f i n e  t o  f i n e  g r a in e d ,  w e l l  s o r te d ,  & subrounded;
l o c a l l y  m o t t le d  w i t h  orange f i n e  g ra in e d  sand.............................. 0 . 1 5 (0 .5 )
Sand; same as above, b u t  o ra n g e ..................................................................  0 .1 5 (0 .5 )
SECTION 413
Hand auger b o r in g .  L o c a te d  3 m (10 f t )  s o u th  o f  S t a t e  Rou te  6 6 9 ,  2 km 
( 1 . 2 5  m l )  s o u t h w e s t  o f  S I g n p I n e  ( G r e s s l t t  7 .5 *  q u a d ra n g le ) .  UTM c o o r d i ­
na tes :  zone 18, 4,143,71 Om.N., 3 5 2 ,900m.E. Augered  by M .L .  M i t c h e l l  on 
10 /20 /84 .  E le v a t io n  a t  top  o f  s e c t i o n  Is a p p ro x im a te ly  5 .5  m (18 f t ) .
ThIckness
Descr i p t l o n  meters ( f t )
Tabb Form at ion ,  Lynnhaven Member
S i l t ,  c l a y e y ,  sandy, dark b rown...................................................................  0 .5  ( 1 .5 )
C la y ,  sandy, y e l l o w i s h - g r a y  w i t h  o r a n g is h -g r a y  m o t t l i n g ,   1.2 (4 .0 )
Sand, m odera te ly  c l a y e y ,  orange t o  y e l l o w is h -o ra n g e ,  f i n e  
t o  medium g r a in e d ,  w e l l  s o r t e d ,  subangu la r  t o  subrounded, 
qu a r tzose ,  c o n ta in s  a t r a c e  o f  heavy m i n e r a l s .................................. 0 .5  ( 1 .5 )
SECTION 414
Hand auge r  b o r i n g .  L o c a te d  3 m (10 f t )  n o r th  o f  S ta te  Route 669, 1 .8  km 
(6000 f t )  sou thwest  o f  SIgnpIne  ( G r e s s i t t  7 . 5 *  q u a d r a n g l e ) .  UTM c o o r d i ­
n a t e s :  zone 18 ,  4 ,1  43 , 850m .N . ,  3 5 3 , 000m.E. Augered by M.L. M i t c h e l l  on 
1 0 /2 0 /8 2 .  E le v a t i o n  a t  top o f  s e c t i o n  Is a p p ro x im a te ly  7 m (23 f t ) .
ThIckness
Tabb Fo rm a t io n ,  Lynnhaven Member (?)
S i l t ,  sandy, g ra y is h  brown  0 .3  ( 1 .0 )
C la y ,  sandy, o rang Ish -b rown  w i t h  g ra y ish -b ro w n  m o t t l i n g ,
b lo cky  p a r t i n g   1.4 (4 .5 )
Sand, c l a y e y ,  l i g h t  brown w i th  b ro w n Ish -g ra y  m o t t l i n g ,  sand 
f r a c t i o n  Is f i n e  g ra in e d  & w e l l  s o r t e d ,  s c a t t e r e d  t h i n
lenses & pebbles o f  medium g ray  c l a y   0 .5  (1 .5 )
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Sand, s l l + y ,  c l a y e y ,  l i g h t  g ray  w i t h  b r i g h t  orange m o t t l i n g
sand f r a c t i o n  Is  f i n e  g ra in e d  & w e l l  s o r t e d ,  s c a t te r e d
l i g h t  g ray  l e s s - c la y e y  sand bod ies  ( b u r r o w s ? )   0 .5  (1 .5 )
Sand, c l a y e y ,  s i l t y ,  medium l i g h t  g ra y  w i t h  less orange
m o t t l i n g  than above, c l a y  c o n te n t  decreases w i th  d e p th   0 .5  (1 .5 )
SECTION 415
Hand a u ge r  b o r i n g .  L o c a te d  6 m (2 0  f t )  s o u t h  o f  S t a t e  R o u t e  6 6 9 ,  
945 m (3100 f t )  s o u th w e s t  o f  S I g n p I n e  ( G r e s s l t t  7 . 5 f q u a d ra n g le ) .  UTM 
c o o r d in a te s :  zone 18, 4 ,1 4 4 ,310m.N., 3 5 4 ,030m.E. Groundwater e n c o u n te re d  
a t  2 . 3  m ( 7 . 5  f t )  d e p th .  Augered by M.L. M i t c h e l l  on 10 /20 /82 .  E le v a t io n  
a t  to p  o f  s e c t i o n  Is  a p p ro x im a te ly  11.6  m (38 f t ) .
Th ickness
d e s c r J p t le n  meters- i i t j
S h i r l e y  fo rm a t io n
S i l t ,  sandy, dark brown....................................................................................  0 .3  (1 .0 )
Sand, c la y e y ,  ve ry  l i g h t  g ray  w i th  o ra n g Is h -g ra y  m o t t l i n g . . . .  0 .6  (2 .0 )  
Sand, w h i t e ,  medium g r a in e d ,  w e l l  s o r t e d ,  sunangu la r  t o
subrounded, q u a r tzo se ,  c o n ta in s  a t r a c e  o f  heavy m i n e r a l s . .  0 .8  (2 .5 )  
Sand, modera te ly  c l a y e y ,  l i g h t  g ra y ,  f i n e  t o  medium g ra in e d
wel l  s o r te d ,  subangu la r  t o  subrounded,  c l a y  c o n te n t
increases w i th  d e p th   0 .3  (1 .0 )
Sand; as above b u t  ve ry  c la y e y  & medium g r a y .......................................  0 .3  (1 .0 )
Sand; as above, b u t  l i g h t  g ray  t o  g r a y i s h - y e l l o w  & o n ly
m odera te ly  c l a y e y .............................................................................................  0 .5  (1 .5 )
Yorktown Formation
Sand, s i l t y ,  b l u i s h - g r a y ,  ve ry  f i n e  t o  f i n e  g ra in e d ,  ve ry
wel l  s o r te d ,  s l i g h t l y  g l a u c o n i t i c .......................................................  0 .3  (1 .0 )
SECTION 416
Hand auger b o r in g .  Located 40 f t  south  o f  S ta te  Route 669, 914 m (3000 f t )  
s o u t h - s o u t h e a s t  o f  S ig n p ln e  ( G r e s s l t t  7 .5 *  q u a d ra n g le ) .  UTM c o o rd in a te s :  
zone 18, 4 ,1 4 4 ,300m. N . , 3 5 4 ,860m. E. Augered by M.L. M i t c h e l l  on 1 0 / 2 0 / 8 2 .  
E le v a t io n  a t  top  o f  s e c t i o n  Is a p p ro x im a te ly  26 m (86 f t ) .
Th ickness
De&cr.ipijfio
Windsor Formation
S i l t ,  sandy, g ra y is h  brown.............................................................................. 0 .3  (1 .0 )
Sand, c la y e y ,  o ra ng e ...........................................................................................  1.2 (4 .0 )
C la y ,  sandy, medium l i g h t  g ray  w i t h  o ra n g is h  g ray  m o t t l i n g ,
sand f r a c t i o n  Is f i n e  g r a in e d ,  b lo c k y  p a r t i n g ................................. 0 .3  (1 .0 )
Sand, c la y e y ,  b r i g h t  orange w i t h  l i g h t  g ray  c la y e y  lenses & 
pebb les ;  o v e r a l l  c l a y  c o n te n t  decreases w i t h  de p th ,  b u t  
I n t e r v a l  s t i l l  c o n ta in s  c l a y  pebb les ;  sand f r a c t i o n  Is f i n e
t o  medium g ra ined  & w e l l  s o r t e d ..............................................................  0 .5  (1 .5 )
Sand, c la y e y ,  medium g ray  t o  y e l l o w is h - o r a n g e ,  sand f r a c t i o n
Is medium g ra ined  w i t h  s c a t te r e d  coarse  g r a i n s .............................  0 .1 5 (0 .5 )
C la y ,  l i g h t  g ray  w i t h  orange m o t t l i n g  a long s i l t l e r  zones,
very  compact,  b lo c k y  p a r t i n g ..................................................................... 1 .0 (3 .0 )
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SECTION 417
Hand auger  b o r i n g .  L o c a te d  6 .1  m (20 f t )  n o r t h  o f  S t a t e  R o u t e  6 1 3 ,
1 .7  km (5600 f t )  s o u t h e a s t  o f  S I g n p I n e  ( G r e s s l t t  7 . 5 f q u a d ra n g le ) .  UTM 
c o o rd in a te s :  zone 18, 4 ,1 4 4 .240m.N., 3 5 6 ,000m.E. Groundwater e n c o u n te r e d  
a t  6 . 2  m ( 2 0 .5  f t )  d e p t h .  Abandoned due t o  repeated  c a v e - l n .  Augered by 
M.L.  M i t c h e l l  on 10 /21 /82 .  E le v a t io n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  28 
m (93 f t ) .
Th Ickness
D e sc r ip tJo n  meters ( f t )
Windsor Formation
Sand, s i l t y ,  medium g ra y is h -b ro w n ,  f i n e  g r a i n e d .............................. 0 .3  (1 .0 )
Sand, s l i g h t l y  c la y e y  & s i l t y ,  medium l i g h t  g ray  t o
orang I s h -g ra y ,  f i n e  g r a in e d ....................................................................... 0 .6  (2 .0 )
Sand, w h i te ,  ve ry  f i n e  t o  medium g r a in e d ,  m odera te ly
s o r te d ,  subangular  t o  subrounded, q u a r t z o s e   ................... 0 .1 5 ( 0 .5 )
Sand, s l i g h t l y  c la y e y ,  y e l l o w is h - g r a y  t o  l i g h t  brown, f i n e
g ra in e d ,  w e l l  s o r te d ,  subangu la r  t o  subrounded............................ 0 .1 5 (0 .5 )
Sand, s l i g h t l y  c la y e y ,  w h i te  t o  ve ry  l i g h t  g ra y ,  medium
g ra in e d ,  we l l  s o r te d ,  subangu lar  t o  subrounded............................ 0 .5  (1 .5 )
Sand, very  s l i g h t l y  c la y e y ,  w h i te  t o  ve ry  l i g h t  g ra y ,  f i n e  
t o  medium g ra in e d ,  w e l l  s o r t e d ,  subangu la r  t o  subrounded,
q uar tzose ,  c l a y  c o n te n t  decreases w i th  d e p th ................................  1.5 (5 .0 )
Sand; as above, b u t  c la y e y  & l i g h t  g r a y ................................................  0 .1 5 (0 .5 )
Sand, very  s l i g h t l y  c l a y e y ,  w h i te  t o  ve ry  l i g h t  g ra y ,  f i n e
g ra in e d ,  we l l  s o r t e d ,  q u a r t z o s e   ................................................  0 .8  (2 .5 )
Sand; as above, b u t  f i n e  t o  medium g r a in e d .........................................  0 .3  (1 .0 )
Sand, very  s l i g h t l y  c l a y e y ,  l i g h t  g ray  t o  y e l l o w i s h - g r a y ,  
f i n e  t o  medium g ra in e d  w i t h  s c a t te r e d  coa rse  g r a in s ,
c o n ta in s  heavy m ine ra l  c o n c e n t r a t i o n s ................................................  0 .6  (2 .0 )
C la y ,  sandy, l i g h t  t o  medium g ra y ,  sand f r a c t i o n  as a b o v e . . . .  0 .1 5 ( 0 .5 )  
Sand, s l i g h t l y  c la y e y ,  ve ry  l i g h t  g ra y ,  medium g ra in e d  
a t  top  g rad ing  t o  medium t o  coa rse  g ra in e d  a t  base, we I I 
s o r te d ,  subangula r  t o  subrounded,  c l a y  c o n te n t  decreases 
w i th  depth ,  c o n ta in s  heavy m ine ra l  c o n c e n t r a t i o n s ........................  1.1 (3 .5 )
SECTION 418
Hand auger b o r in g .  Located 6 m (20 f t )  f rom I n t e r s e c t i o n  o f  S t a t e  R ou tes  
610 & 617 a t  S i g n p l n e  ( G r e s s l t t  7 .5 *  q u a d ra n g le ) .  UTM c o o rd in a te s :  zone 
18, 4 ,1 4 5 ,1 10m.N., 3 5 4 , 520m.E.  A ugered  by M .L .  M i t c h e l l  on 1 0 / 2 3 / 8 2 .  
E le v a t io n  a t  top  o f  s e c t i o n  Is a p p ro x im a te ly  29 .9  m (98 f t ) .
ThIckness
D e s c r i p t i o n  meters, l i t .)
Windsor Formation
Sand, s i l t y ,  s l i g h t l y  c l a y e y ,  g ra y is h -b ro w n ,  f i n e  t o
medium g r a in e d .......................................................................................................  0 .5  (1 .5 )
S i l t ,  sandy, y e l l o w is h  g ray  t o  orang I sh -ye  I........ low............................  1.1 (3 .5 )
C la y ,  sandy, i n t e r m o t t l e d  w i t h  c la y e y  sand, medium l i g h t
g ray  t o  y e l l o w is h - g r a y ;  sand f r a c t i o n  Is medium g ra in e d  
& we I I s o r t e d .........................................................................................................  0 .5  (1 .5 )
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Sand, c l a y e y ,  l i g h t  g ra y ,  I n t e r m o t t l e d  w i t h  moderate redd ish  
orange s i l t y  sand and ye I I o w lsh -g ra y  sand; sand f r a c t i o n  
Is f i n e  t o  medium g ra ined  becoming medium t o  coarse 
towards  base & m odera te ly  s o r t e d ;  c l a y  c o n te n t  decreases
markedly  w i th  d e p th ......................................................................................... 1 .2 (4 .0 )
Sand, c l a y e y ,  l i g h t  g ra y .  I n t e r m o t t l e d  w i t h  re d d ish -o ra n g e  
c la y e y  s i l t y  sand,  medium t o  coa rse  g r a in e d ,  modera te ly  
s o r t e d ,  subangula r  t o  subrounded,  less  c la y e y  w i t h  d e p t h . . .  0 .5  ( 1 .5 )
Sand, p e bb ly ,  y e l lo w is h -o ra n g e  t o  y e l l o w is h -b ro w n ,  medium 
t o  ve ry  coa rse  g ra in e d ,  p o o r l y  s o r t e d ,  subangu la r  t o
rounded, f e r r l c r e t e  a t  base....................................................................... 0 .3  (1 .0 )
Sand, y e l l o w is h - g r a y  t o  o r a n g Is h - g r a y ,  f i n e  g ra in e d  w i th  
s c a t te re d  medium g r a in s ,  w e l l  s o r t e d ,  q u a r tzo se ,  c o n ta in s
a t r a c e  o f  heavy m i n e r a l s ...........................................................  0 .8  ( 2 .5 )
Sand; as above, b u t  w i t h  s c a t t e r e d  l i g h t  g ray  c l a y  laye rs
and p e b b le s ........................................................................................................... 0 .3  ( 1 .0 )
Sand, l i g h t  g ray  t o  y e l l o w is h  g r a y ,  medium t o  coarse  
g ra in e d ,  m odera te ly  t o  p o o r l y  s o r t e d ,  l o c a l l y  c la y e y ,  
c o n ta in s  2% heavy m in e r a l s ,  s c a t te r e d  f e r r l c r e t e  con­
c r e t i o n s  a t  base .......................................................... .................................... 0 .5  ( 1 .5 )
B a rh a m s v l l le  fo rm a t io n
Sand, c la y e y ,  l i g h t  g ray  w i t h  red band ing ;  sand f r a c t i o n  Is 
ve ry  f i n e  t o  f i n e  g ra ined  & ve ry  w e l l  s o r t e d ;  lam ina ted ,
c o n ta in s  a t r a c e  o f  heavy m in e ra ls  & some s i l t ......................  0 . 1 5 (0 .5 )
C la y ,  sandy, medium gray  w i th  orange m o t t l i n g ,  sand f r a c t i o n
Is very  f i n e  g ra in e d  & ve ry  w e l l  s o r t e d ,  lam ina ted ,  c o n ta in s
s c a t te re d  c l a y  zones c o n t a in i n g  s c a t t e r e d  medium t o  coarse
sand g r a i n s ,  seve ra l  b lack  p l a n t  f r a g m e n ts ................................... 0 .6  (2 .0 )
C la y ,  sandy; as above, b u t  l i g h t  g r a y ................................................... 0 .5  (1 .5 )
SECTION 419
Hand a u g e r  b o r i n g .  L o c a te d  3 m  (10 f t )  n o r t h  o f  S t a t e  Route 617, 1 km 
(3300 t t )  w e s t - n o r t h w e s t  o f  S i g n p i n e  ( G r e s s l t t  7 . 5 *  q u a d r a n g l e ) .  UTM 
c o o r d in a te s :  zone 18, 4 ,1 4 5 ,360m.N., 3 5 3 ,520m.E. Augered by M.L. M i t c h e l l  
on 1 1 /4 /8 2 .  E le v a t io n  a t  top  o f  s e c t i o n  Is a p p ro x im a te ly  6 .7  m (22 f t ) .
ThIckness
Pescr-ipt  Ipp weiers. I.ftJ
Tabb Form at ion ,  Lynnhaven Member
Sand, s i l t y ,  l i g h t  brown, f i n e  t o  medium g r a in e d ..........................  0 . 1 5 (0 .5 )
Sand, c la y e y ,  moderate y e l lo w is h - b ro w n ,  f i n e  t o
medium g r a in e d ....................................................................................................  0 .1 5 (0 .5 )
Sand, p e b b ly ,  dark y e l l o w is h -o ra n g e ,  f i n e  o t  ve ry  coarse  
g r a in e d ,  m odera te ly  t o  p o o r l y  s o r t e d ,  subangu lar  t o  
rounded, quar tzose  w i th  g r a in s  be ing  I r o n - s t a i n e d ,  t r a c e  
o f  heavy m in e ra ls  s c a t te r e d  th ro u g h o u t  top  o f  I n t e r v a l
b u t  co n cen t ra ted  as laye rs  a t  base ............... ...................................... 0 .3  (1 .0 )
Sand, o r a n g I s h - g r a y , f i n e  t o  medium g ra in e d  w i t h  s c a t te re d  
coa rse  g r a i n s ,  m odera te ly  w e l l  s o r t e d ,  abundant heavy 
m in e ra ls  co n cen t ra ted  as lam inae...........................................................  0 .3  ( 1 .0 )
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S h i r l e y  fo rm a t io n
C la y ,  ve ry  sandy, l i g h t  o l i v e  g ray  w i t h  moderate r e d d i s h -  
orange m o t t l i n g ;  sand f r a c t i o n  Is  f i n e  t o  medium g ra in e d  
w i th  s c a t te r e d  coa rse  g r a i n s ,  m odera te ly  s o r t e d ;  grades
downward In to  c la y e y  sand  0 .5  (1 .5 )
Sand, c l a y e y ,  o r a n g Is h -g ra y ,  f i n e  t o  medium g r a in e d ,  w e l l
s o r t e d ,  becomes less  c la y e y  w i t h  d e p th     0 .5  (1 .5 )
SECTION 420
Hand a u ge r  b o r i n g .  L o c a te d  3 m (10  f t )  n o r t h  o f  S ta te  Route 617, 945 m 
(3100 f t )  w e s t - n o r t h w e s t  o f  S i g n p i n e  ( G r e s s l t t  7 . 5 1 q u a d r a n g l e ) .  UTM 
c o o r d in a te s :  zone 18, 4 ,1 4 5 ,320m.N., 3 5 3 ,600m.E. Augered by M.L. M i t c h e l l  
on 1 1 /4 /8 2 .  E le v a t io n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  7 .3  m (24 f t ) .
Th ickness
Descr-iptJ.pp meters, l i U
S h i r l e y  fo rm a t io n
Sand, s i l t y ,  s l i g h t l y  c la y e y ,  g ra y is h -b ro w n ,  ve ry  f i n e
t o  f i n e  g r a in e d ..................................................................................................  0 .1 5 (0 .5 )
C la y ,  sandy, s i l t y ,  medium g ray  v / i th  moderate r e d d is h -
orange m o t t l i n g ,  sand f r a c t i o n  Is ve ry  f i n e  t o  f i n e ................. 0 .1 5 (0 .5 )
Sand, o r a n g I s h - g r a y , ve ry  f i n e  t o  f i n e  g r a in e d ,  w e l l
s o r te d ,  c o n ta in s  2-3)6 heavy m i n e r a l s ....................................................  0 .5  ( 1 .5 )
C la y ,  very  sandy & s i  I t y ,  moderate re d d ish -o ra n g e  a t  top  
t o  y e l l o w ls h - g r a y  a t  base, sand f r a c t i o n  is  ve ry  f i n e  
g ra ined  & we!!  s o r t e d ,  becomes more sandy w i t h  d e p th ..............  1.0 ( 3 .0 )
SECTION 421
Hand auger b o r in g .  Located 3 m (10 f t )  n o r t h  o f  S t a t e  R ou te  617 ,  853 m 
(2800 f t )  w e s i - n o r t h w e s t  o f  S i g n p i n e  ( G r e s s l t t  7 . 5 f q u a d r a n g l e ) .  UTM 
c o o rd in a te s :  zone 18, 4 , 1 4 5 , 250m.N., 3 5 3 ,680m.E. Augered by M.L. M i t c h e l l  
on 1 1 /4 /8 2 .  E le v a t io n  a t  to p  o f  s e c t i o n  Is  a p p ro x im a te ly  10 m (33 f t ) .
Th Ickness
Djescr J pt.i ph meters. 1 ft.)
S h i r l e y  fo rm a t io n
Sand, g r a y i s h - y e l l o w ,  f i n e  g r a in e d .................................    0 .3  ( 1 .0 )
Sand, s l i g h t l y  c la y e y ,  o r a n g 1s h - g ra y ,  very  f i n e  t o  f i n e
g ra in e d ,  we l l  s o r t e d ,  c o n ta in s  2-3)6 heavy m i n e r a l s .................  0 .8  (2 .5 )
Sand, c la y e y ,  o r a n g i s h - g r a y , ve ry  f i n e  t o  f i n e  g ra in e d ,
w e l l  s o r te d ,  becomes more c I a y - r  Ich w i t h  d e p th ...........................  0 .3  ( 1 .0 )
C la y ,  sandy, l i g h t  g ray  w i t h  moderate re d d is h -o ra n g e  
m o t t l i n g ,  sand f r a c t i o n  Is ve ry  f i n e  t o  f i n e  g ra in e d ,  
abundant f e r r l c r e t e  a t  base .......................................................................  0 .5  (1 .5 )
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SECTION 422
Hand auger b o r in g .  Located 3 m (10 f t )  s o u th  o f  S t a t e  R ou te  6 1 7 ,  0 . 7  km 
(2300 f t )  w e s t - n o r t h w e s t  o f  S i g n p i n e  ( G r e s s l t t  7 . 5 *  q u a d r a n g l e ) .  UTM 
c o o r d in a te s :  zone 18, 4 ,1 4 5 ,200m.N. ,  3 5 3 ,800m.E. Augered by M.L.  M i t c h e l l  
on 1 1 /4 /8 2 .  E le v a t io n  a t  to p  o f  s e c t i o n  Is  a p p ro x im a te !y  13.4 m (44 f t ) .
ThIckness
Dgs c r I pt l on meters  ( f t )
S h i r l e y  fo rm a t io n
Sand, y e l l o w i s h - g r a y ,  f i n e  g r a in e d   0 .5  ( 1 .5 )
Sand, g r a y i s h - y e l l o w ,  very  f i n e  t o  f i n e  g r a in e d ,  we l l
s o r t e d ,  l o c a l l y  s l i g h t l y  c la y e y ,  s c a t te re d  c l a y  p a r t i n g s ,
c o n ta in s  2-3£ heavy m in e r a l s     1.2 (4 .0 )
SECTION 423
Hand auger b o r in g .  Located 12 m (40 f t )  e a s t  o f  S t a t e  R ou te  613 ,  1 .7  km 
( 5 5 0 0  f t )  n o r t h w e s t  o f  P I n e t t a  ( G r e s s i t t  7 . 5 f q u a d r a n g l e ) .  UTM 
c o o r d in a te s :  zone 18, 4 ,1 4 2 ,600m.N. ,  35 3 ,390m.E. Groundwater a t  3 .7  m (12 
f t )  d e p t h .  Augered  by M .L .  M i t c h e l l  on 1 1 / 3 0 / 8 2 .  E l e v a t i o n  a t  to p  o f  
s e c t i o n  Is  a p p ro x im a te ly  10 m (33 f t ) .
ThIckness
Des c r i p t i o n  m e t e r s . l i ± l
S h i r l e y  fo rm a t io n
Sand, s i l t y ,  dark brown, f i n e  g r a in e d ..................................................... 0 .3  ( 1 .0 )
Sand, c l a y e y ,  l i g h t  brown, f i n e  g r a in e d ................................................  1.0 (3 .0 )
Sand, s l i g h t l y  c la ye y  a t  top  t o  modera te ly  c la y e y  a t  base, 
medium l i g h t  gray w i th  o ra n g is h -g r a y  m o t t l i n g ,  f i n e  
g ra in e d  w i th  s c a t te r e d  medium g r a in s ,  w e l l  s o r t e d ,  sub­
rounded, l o c a l l y  n o n -c la y e y ,  c o n ta in s  a t r a c e  o f  reworked
g l a u c o n i t e ............................................................................................................. 0 .5  (1 .5 )
C la y ,  ve ry  sandy & s i l t y ,  l i g h t  g ray  w i th  y e l l o w is h -o ra n g e  
m o t t l i n g ;  sand f r a c t i o n  is  f i n e  g ra in e d ,  w e l l  s o r te d  & 
qu a r tzo se ,  sand ie r  laye rs  c o n ta in  reworked g la u c o n i t e ,  
l o c a l l y  red along s l l t i e r  zones, becomes s a n d ie r  w i th
dep th ,  grades In to  u n i t  be low ..................................................................  1.0 (3 .0 )
Sand, ve ry  c la ye y  a t  top  -Ic s l i g h t l y  c la y e y  a t  base, 
y e l l o w is h - g r a y  w i th  o r a n g is h -g ra y  m o t t l i n g ,  ve ry  f i n e  
t o  f i n e  g ra in e d ,  w e l l  s o r t e d ,  subangular  t o  subrounded,  
sand g r a in s  I r o n - s ta i n e d  orange near base, f e r r l c r e t e  a t  
b a s e ,c o n ta in s  abundant fe ca l  p e l l e t s  & reworked g la u c o n i t e .  0 .8  (2 .5 )  
Sand, o ra n g is h -g ra y  t o  o ra n g is h -b ro w n ,  ve ry  f i n e  t o  f i n e  
g r a in e d ,  w e l l  s o r te d ,  c o n ta in s  abundant s o f t  w h i te  s h e l l
f ragments & reworked g l a u c o n i t e ................................................................  0 .1 5 (0 .5 )
Sand; as above, b u t  w i th  s c a t te re d  coarse  g r a in  & no s h e l l . . .  0 .3  ( 1 .0 )  
Sand; as above, b u t  In terbedded w i th  l i g h t  g ra y  sandy c l a y ,  
c o n ta in s  s c a t te re d  f e r r l c r e t e  g r a i n s ,  abundant reworked 
g la u c o n i t e  & manganese o x i d e . . . . . .........................................................  0 .6  (2 .0 )
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Eas+over Format ion
Sand, s i l t y ,  dark g r e e n is h -g ra y ,  ve ry  f i n e  t o  f i n e  g ra in e d ,  
subrounded,  to p  seve ra l  cm burrowed w i t h  orange sand w i th  
s c a t te r e d  coa rse  g ra in s  b rough t  down from above.........................  0 . 1 5 (0 .5 )
SECTION 424
Hand a uge r  b o r i n g .  L o c a te d  9 m (30 f t )  n o r th  o f  S ta te  Route 613, 1 .6  km 
(5400 f t )  south  o f  S ignp ine  ( G r e s s l t t  7 . 5 f q u a d r a n g le ) .  UTM c o o r d i n a t e s :  
zone 18, 4 , 1 4 3 ,4 5 0 m .N . ,  3 5 4 , 000m.E .  G ro u n d w a te r  encountered  a t  6 .5  f t  
d e p th .  Augered by M.L. M i t c h e l l  on 1 1 /3 0 /8 2 .  E l e v a t i o n  a t  t o p  o f  s e c t i o n  
Is a p p ro x im a te ly  10.4 m (34 f t ) .
ThIckness
D g sc rJp t jo n  meters ( f t )
S h i r l e y  fo rm a t io n
S i l t ,  s l i g h t l y  sandy, g ra y is h  brown......................................................... 0 . 1 5 (0 .5 )
Sand, c l a y e y ,  y e l lo w is h -b ro w n ,  f i n e  g r a in e d .......................................  0 .6  (2 .0 )
Sand, w h i te  t o  l i g h t  g ra y ,  f i n e  g ra in e d  w i t h  r a r e  s a c t te re d  
medium g r a i n ,  subangu la r  t o  subrounded, q u a r tz o s e ,  con­
t a i n s  5$ heavy m i n e r a l s ...............................................................................  0 .1 5 (0 .5 )
Sand; as above, b u t  medium g ray  w i th  y e l l o w is h - g r a y
m o t t l i n g  & w i t h  s c a t te re d  coarse  g r a i n s ...........................................  0 .1 5 ( 0 .5 )
Sand, medium g ra y  w i t h  o ra n g is h -g ra y  m o t t l i n g ,  f i n e  g ra in e d  
w i th  1 0 $ medium g r a in s  & r a r e  s c a t te r e d  coarse  g r a i n ,  w e l l  
s o r te d ;  c o n ta in s  1 mm d iamete r  d e l i c a t e  s h e l l  f ragments  
w i th  dark c h i t o n o u s  c o v e r in g ,  abundant reworked g la u c o n i t e
g r a in s  which Increase w i t h  dep th ,  & s c a t te re d  b la ck  sub-
m e t a l l i c  a n gu la r  coarse  g r a i n s . . . . ....................................................... 1.0 (3 .0 )
Sand; as above, b u t  w i th  numerous she I I f ragments  & more
abundant reworked g l a u c o n i t e ..................................................................... 0 .1 5 (0 .5 )
Yorktown Formation
Sand, s l i g h t l y  s i l t y ,  dark g r e e n I s h - g r a y , ve ry  f i n e  t o  f i n e  
g ra in e d ,  abundant s h e l l  f ragments In c lu d in g  Denta l  I urn &
P e c te n ......................................................................................................................  0 .8  (2 .5 )
SECTION 425
Hand auger  b o r i n g .  L o c a te d  6  m (20 f t )  n o r t h w e s f  o f  S i o t e  Route 613,
1 .2  km (4000 f t )  s o u th  o f  S i g n p i n e  ( G r e s s i t t  7 . 5 f q u a d r a n g l e ) .  UTM 
c o o r d i n a t e s :  zone 18, 4 ,1 4 3 ,880m.N., 3 5 4 ,315m.E. Augered by M.L. M i t c h e l l  
on 1 2 /1 /8 2 .  E le v a t io n  a t  top  o f  s e c t i o n  Is a p p ro x im a te ly  25 m (82 f t ) .
Th Ickness
Windsor Format ion
S i l t ,  sandy, s l i g h t l y  c la y e y ,  l i g h t  brown  0 .5  ( 1 .5 )
Sand, s l i g h t l y  c l a y e y ,  y e l l o w i s h - g r a y ,  f i n e  g r a i n e d   0 .8  ( 2 .5 )
Sand, s l i g h t l y  c l a y e y ,  y e l l o w is h - g r a y  t o  o r a n g I s h - g r a y ,  
f i n e  g ra in e d  w i t h  s c a t te re d  coarse  g r a i n ,  m odera te ly  
we I I s o r t e d ,  subangu la r  t o  subrounded, becomes more
c la y e y  w i th  d e p th   0 .5  (1 .5 )
131
Sand, m odera te ly  c la y e y  a t  top  t o  ve ry  c la y e y  a t  base, 
y e l l o w is h - o r a n g e ,  f i n e  t o  medium g ra in e d  w i t h  s c a t t e r e d  
coarse  g r a i n ,  m odera te ly  w e l l  so r te d  a t  top  t o  p o o r l y
so r te d  a t  base, s l i g h t l y  f e l d s p a t h l c ..................................................  0 . 6  (2 . 0 )
Sand, ve ry  c l a y e y ,  l i g h t  g ray  w i th  o ra n g Is h -g ra y  m o t t l i n g  
f i n e  t o  ve ry  coa rse  g r a in e d ,  p o o r l y  s o r t e d ,  angu la r  t o  
subrounded, c o n ta in s  a t r a c e  o f  heavy m in e ra l s ,
s l i g h t l y  f e l d s p a t h l c ....................................................................................... 0 .3  ( 1 .0 )
C la y ,  ve ry  l i g h t  g ra y ,  In te rbedded w i th  red c la y e y  s i l t  
and o ra n g Is h -g ra y  t o  ye I I o w ls h -g ra y  sand; sand Is ve ry  
f i n e  t o  ve ry  coarse  g r a in e d ,  p o o r l y  s o r te d ,  f e l d s p a t h l c ;
base Is m o s t ly  c l a y .........................................................................................  0 .6  ( 2 .0 )
Sand, c l a y e y ,  g r a v e l l y ,  y e l l o w is h -o ra n g e ,  ve ry  f i n e  t o
ve ry  coa rse  g ra in e d  w i t h  s c a t te r e d  pebb les ,  p o o r l y  s o r t e d ,  
angu la r  t o  rounded, s l i g h t l y  f e l d s p a t h l c ,  c o n ta in s  s c a t ­
te re d  c l a y  d ra p e s .............................................................................................  0 .5  (1 .5 )
C la y ,  l i g h t  g ra y ,  In te rbedded w i t h  red c la y e y  s i l t y  sand, 
sand f r a c t i o n  as above, s c a t te r e d  y e l lo w  l i m o n i t l c  zones,
5 cm o f  coa rse  g ra in e d  f e r r l c r e t e  a t  base......................................  0 .1 5 (0 .5 )
Yorktown Formation
Sand, s i l t y ,  y e l l o w is h -b r o w n ,  c o n ta in s  abundant s h e l l
f ragments & g l a u c o n i t e .  Dental  lum p r e s e n t .......................................  0 .1 5 (0 .5 )
SECTION 426
Hand a u ge r  b o r i n g .  L o c a te d  3 m (10 f t )  south  o f  S ta te  Route 613, 1.5 km 
(5000 f t )  south o f  S ig np in e  ( G r e s s l t t  7 .5 *  q u a d r a n g le ) .  UTM c o o r d i n a t e s :  
zone 18, 4 ,1  43 ,600m.N . , 3 5 4 , 200m.E .  Groundwater  a t  2 .7  m (9 f t )  depth . 
A ugered  by M .L .  M i t c h e l l  o r  1 2 / 2 / 8 2 .  E l e v a t i o n  a t  f o p  o f  s e c t i o n  I s  
a p p ro x im a te ly  14.3 m (47 f t ) .
Th Ickness
DjescrJ p.t i on
S h i r l e y  fo rm a t io n
Sand, s i l t y ,  l i g h t  g ra y is h -b ro w n ,  medium g r a in e d ............................
Sand, c la y e y ,  o ra n g is h -b ro w n ,  medium g r a in e d .....................................
Sand, w h i te  t o  ve ry  l i g h t  g ra y ,  medium g ra in e d ,  w e l l  
s o r t e d ,  subangu la r  t o  subrounded, qu a r tzose ,  c o n ta in s
a t r a c e  o f  heavy m i n e r a l s ...........................................................................
Sand; as above, b u t  c la y e y  & l i g h t  g ra y is h -b ro w n ............................
Sand; as above, b u t  medlunri t o  coa rse  g r a in e d .....................................
Sand, p e b b ly ,  s l i g h t l y  c l a y e y ,  g ra y is h -b ro w n ,  medium t o  
coarse  g r a in e d ,  m odera te ly  s o r t e d ,  subangula r  t o  rounded,
q u a r t z o s e ................................................................................................................
Sand, p e b b ly ,  l i g h t  g r e e n i s h -g r a y ,  f i n e  t o  coarse  g r a in e d ,
l o c a l l y  s i l t y ,  c o n ta in s  abundant reworked g l a u c o n i t e ..............
Sand, p e bb ly ,  y e l l o w is h - g r a y ,  f i n e  t o  coarse  g ra in e d ,
p o o r l y  s o r t e d ,  q u a r t z o s e ..............................................................................
Sand; as above, b u t  w i t h  abundant reworked s h e l l  f r a g m e n t s . . .
Yorktown Format ion
Sand, s i l t y ,  g r e e n is h -  t o  ye I low !sh -b row n , ve ry  f i n e  t o  
f i n e  g r a in e d ,  w e l l  s o r t e d ,  c o n ta in s  abundant g l a u c o n i t e  &
s c a t te re d  she I I f ra g m e n ts ............................................................................
S h e l l  hash, sandy, sand f r a c t i o n  as above, s h e l l s  s o f t ..............
0 .8  (2 .5 )  
0 .5  (1 .5 )
0 .5  ( 1 .5 )  
0 .1 5 (0 .5 )  
0 .3  (1 .0 )
0 .3  (1 .0)
0 .3  (1 .0)
0 .1 5 ( 0 .5 )
0 .1 5 ( 0 .5 )
0 .3  ( 1 .0 )  
0 .1 5 ( 0 . 5 )
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SECTION 427
Hand auger s e c t i o n .  L o c a te d  5 m (15 f t )  s o u t h e a s t  o f  S t a t e  R ou te  6 1 3 ,
1.1 km (3500  f t )  s o u th - s o u th e a s t  o f  S ignp ine  ( G r e s s l t t  7 . 5 f q u ad ra n g le ) .
UTM c o o r d i n a t e s :  zone 18, 4 , 1 4 4 , 1 00m .N . ,  3 5 4 , 760m.E.  Augered  by M .L .
M i t c h e l l  on 1 2 /2 /8 2 .  E le v a t io n  a t  to p  o f  s e c t i o n  Is  28 m (92 f t ) .
Th ickness
D e s c r i p t i o n  meters  ( f t J
Windsor Format ion
Sand, s i l t y ,  medium brown, f i n e  g r a in e d ................................................  0 .3  ( 1 .0 )
Sand, c l a y e y ,  orang I sh-brown, f i n e  g r a in e d .........................................  0 .8  ( 2 .5 )
Sand, m odera te ly  c la y e y ,  o r a n g is h -g ra y ,  f i n e  g r a in e d ,
w e l l  s o r t e d ,  mass ive .........................................................................................  0 . 6  ( 2 . 0 )
Sand; as above, b u t  w i th  10$ medium g ra in s  & s c a t te re d
coarse  g r a i n s ,  base l i g h t l y  m o t t l e d ....................................................  0 .3  (1 .5 )
Sand, c l a y e y ,  medium l i g h t  g ray  w i t h  o ra n g Is h -g ra y  m o t t l i n g ,
f i n e  t o  medium g ra in e d ,  modera te ly  s o r t e d .......................................  0 .1 5 ( 0 . 5 )
C lay ,  s i l t y ,  l i g h t  g ray  w i t h  moderate re d d is h -o ra n g e  mot­
t l i n g ,  s i l t  a sso c ia te d  w i th  red zones, l o c a l l y  l a m in a t e d . . .  0 .3  ( 1 .0 )
C lay ;  as above, b u t  sandy................................................................................ 0 . 1 5 ( 0 . 5 )
Sand, c l a y e y ,  s l i g h t l y  s i l t y ,  l i g h t  gray  w i th  red & y e l lo w  
m o t t l i n g ,  sand Is ve ry  f i n e  g ra in e d  & we I I s o r t e d ,
becomes more red w i th  d e p th ....................................................................... 0 .3  (1 .0 )
C lay ,  sandy, s i l t y ,  l i g h t  g ray  w i th  ye l lo w  & red m o t t l i n g ,
t h i n l y  bedded......................................................................................................  0 . 1 5 (0 .5 )
Sand, c la y e y ,  s i l t y ,  l i g h t  g ray  w i t h  g r a y i s h - y e l l o w  mot­
t l i n g ,  very  f i n e  t o  coarse  g r a in e d ,  m odera te ly  s o r t e d   0 .1 5 (0 .5 )
Sand, s l i g h t l y  s i l t y ,  l i g h t  g ra y ,  ve ry  f i n e  t o  f i n e  
g r a in e d ,  we l l  s o r t e d ,  w e l l  s o r t e d ,  c o n ta in s  s c a t te re d
c la y  laminae a t  base & a t r a c e  o f  heavy m i n e r a l s .......................  0 .3  ( 1 .0 )
Sand; as above, b u t  ve ry  c la y e y  & s i l t y ,  coarsens s l i g h t l y
w i t h  dep th ,  l o c a l l y  la m in a te d ................................ .................................  0 .5  ( 1 .5 )
Sand, ve ry  c l a y e y ,  In terbedded w i th  nonclayey sand, l i g h t  
g ray  t o  pInk I s h - g r a y , ve ry  f i n e  t o  coarse  g r a in e d ,  moder­
a t e l y  t o  p o o r l y  s o r t e d ,  coarsens w i th  dep th ,  l a m in a te d   0 .1 5 ( 0 .5 )
Sand, s i l t y ,  o r a n g i s h - g r a y , ve ry  f i n e  t o  ve ry  coarse
g r a in e d ,  m odera te ly  t o  p o o r l y  s o r t e d ..................................................  0 . 1 5 (0 .5 )
Sand, s i l t y ,  c la y e y ,  light g ray  w i t h  o ra n g Is h -g ra y  m o t t l i n g ,  
ve ry  f i n e  t o  f i n e  g ra in e d  w i th  1 0 $ medium & coa rse  g r a i n s ,  
m odera te ly  s o r te d ,  c o n ta in s  one 1 cm d iam ete r  s a n d - f i l l e d
b u r ro w ......................................................................................................................  0 .1 5 ( 0 .5 )
C lay ,  s l i g h t l y  sandy, medium g ra y ,  sand f r a c t i o n  Is medium
t o  coarse  g ra in e d ,  s i l t y  a long orange zones ................................... 0 .1 5 (0 .5 )
C la y ,  m odera fe ly  s i l t y ,  medium g ra y ,  orange a long numerous 
s i l t y  tubes  resembl ing  r o o t l e t  c a s t s ,  seve ra l  f e r r l c r e t e  
l in e d  s a n d - f i l l e d  burrows (0 .5  cm d ia m e te r ) ,  ve ry  s l i g h t  
o r g a n ic  smel l  when f r e s h ,  massive, sandy & micaceous a t
base, l o c a l l y  w i th  f e r r l c r e t e  laminae................................................  1.1 (3 .5 )
S i l t ,  ve ry  c l a y e y ,  y e l lo w is h -b ro w n ,  c o n ta in s  r i p p l e
laminae & u n con so l id a te d  f e r r l c r e t e ..................................................... 0 . 1 5 ( 0 . 5 )
S i l t ,  as above, b u t  very  s l i g h t l y  sandy & w i t h  f e r r l c r e t e
pebb les ,  r a r e  s c a t te re d  coarse  g r a i n s ................................................  0 . 1 5 (0 .5 )
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B a rh a m s v l I le  fo rm a t io n
C la y ,  l i g h t  g ra y ;  l o c a l l y  I n te r m o t t I e d  w i th  f i n e  g r a in e d ,
w e l l  s o r t e d ,  ye I lowl sh -g ra y  sand; bur rowed.....................................  0 . 1 5 (0 .5 )
Sand, g r a y i s h - y e l l o w ,  ve ry  f i n e  t o  f i n e  g r a in e d ,  e x c e l l e n t  
s o r t i n g ;  numerous t h i n  beds o r  lenses o f  l i g h t  g ra y ,
very  c la y e y  sand ( f  l a s e r s ? ) ,  s l i g h t l y  m icaceous.........................  0 .5  (1 .5 )
Sand; as above, b u t  w i t h  less c l a y  & more s i l t ,  y e l l o w i s h -
o range,  seve ra l  1 -1 .5  mm t h i c k  f e r r l c r e t e  laye rs  a t  b a s e . . .  0 .3  (1 .0 )
Sand, s i l t y ,  ve ry  l i g h t  g ray  w i th  o ra n g Is h -g ra y  m o t t l i n g ,  
ve ry  f i n e  t o  f i n e  g r a in e d ,  e x c e l l e n t  s o r t i n g ,  i n t e r  lam­
ina ted  w i th  ve ry  l i g h t  g ray  c l a y  ( f  l a s e r s ? ) ................................... 0 .1 5 (0 .5 )
Sand; as above, b u t  w i t h  ve ry  l i t t l e  t o  no c l a y ,  seve ra l
t h i n  (1 mm) b u t  hard f e r r l c r e t e  l a y e r s ..............................................  0 .1 5 ( 0 .5 )
SECTION 428
Hand auger b o r in g .  Located a t  I n t e r s e c t i o n  o f  S t a t e  R ou tes  613 and 6 1 4 ,  
1 km (3300 f t )  s o u t h e a s t  o f  S i g n p i n e  ( G r e s s l t t  7 . 5 *  q u a d r a n g l e ) .  UTM 
c o o r d in a te s :  zone 18, 4 ,1 4 4 ,300m.N., 3 5 5 ,100m.E. Augered by M.L . M i t c h e l l  
on 7 /2 8 /8 3 .  E le v a t io n  a t  top  o f  s e c t i o n  Is a p p ro x im a te ly  26 .8  m ( 8 8  f t ) .
Th ickness
Descr i p t i o n
Windsor Formation
Sand, y e l l o w i s h - g r a y  t o  w h i t e ,  f i n e - g r a i n e d  w i t h  s c a t ­
te re d  medium g r a i n s ,  w e l l  s o r t e d ,  c o n ta in s  t r a c e
amounts o f  heavy m i n e r a l s ......................................................................... 1.0 ( 3 .0 )
Sand, c la y e y ,  medium l i g h t  g ray  w i th  o ra n g Is h -g ra y  mot­
t l i n g ,  f i n e -  t o  medIum-graIned w i t h  s c a t te re d  coarse  
g r a in s ,  m odera te ly  s o r t e d ,  c o n ta in s  one pebble  and less
amount o f  heavy m in e ra l s  than above..................................................  1.0  ( 3 .0 )
Sand, ve ry  c l a y e y ,  In terbedded w i th  s l i g h t l y  sandy c l a y ,  
medium l i g h t  g ra y ,  f i n e -  t o  medium-grained w i th
s c a t te re d  coarse  g r a i n s ............................................................................  0 . 1 5 (0 .5 )
C la y ,  s l i g h t l y  s i l t y ,  medium l i g h t  g ray  w i th  ve ry  t h i n
orange m o t t l e s ,  r a r e  s c a t te re d  medium g r a i n s ..............................  0 .3  (1 .0 )
SECTION 429
Hand auger b o r in g .  Located 10 f t  n o r th  o f  S t a t e  R ou te  6 1 3 ,  1 .4  km (4500 
f t )  s o u t h e a s t  o f  S i g n p i n e  ( G r e s s l t t  7 . 5 f q u a d ra n g le ) .  UTM c o o rd in a te s :  
zone 18, 4 ,1 4 4 ,220m.N., 3 5 5 ,520m. E. Augered by M.L. M i t c h e l l  on 7 / 2 8 / 8 3 .  
E le v a t i o n  a t  to p  o f  s e c t i o n  i s  a p p ro x im a te ly  28.3  m (93 f t ) .
ThIckness
Descr i p t l p n  meters, iit-)
Windsor Formation
Sand, s i l t y ,  o ra n g Is h -b ro w n , f i n e - g r a i n e d  w i t h  s c a t te re d
med I urn g r a in s ,  w e l l  s o r t e d ......................................... ............................. 0 .6  ( 2 .0 )
Sand, w h i te  w i t h  y e l l o w i s h - g r a y  m o t t l i n g ,  ve ry  f i n e -  t o  
f i n e - g r a i n e d  w i t h  s c a t t e r e d  medium and coarse  g r a in s ,  
c o n ta in s  t r a c e  amounts o f  heavy m i n e r a l s .......................................  0 . 6  ( 2 . 0 )
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Sand, s l i g h t l y  s i l t y ,  g r a y i s h -o ra n g e ,  f i n e - g r a i n e d  w i th  \0% coarse  g r a i n s ,  m odera te ly  we I I s o r te d ,  lesse r
amount o f  heavy m in e ra ls  than  above.......................................................  1 .2  (3 .0 )
Sand, c la y e y ,  medium l i g h t  g ray  w i t h  o ra n g Is h -g ra y  m o t t l i n g ,  
f i n e -  t o  medium-gra ined w i t h  s c a t te re d  coa rse  g r a in s ,
m odera te ly  w e l l  s o r t e d .................... .. ..........................................................  0 . 6  ( 2 . 0 )
Sand, c l a y e y ,  In te rbedded w i t h  s l i g h t l y  c la y e y  sand, medium 
l i g h t  g ra y ,  f i n e -  t o  medI urn-grained w i t h  s c a t te re d  coarse
t o  ve ry  coa rse  g r a i n s ,  m odera te ly  s o r t e d ............................................... 0 .8  ( 2 .5 )
Sand, w h i t e ,  ve ry  f i n e -  t o  f i n e - g r a i n e d ,  ve ry  w e l l  s o r te d ,  
subrounded t o  rounded, q u a r tz o s e ,  t r a c e  amount o f
heavy m i n e r a l s   1 .0  (3 .0 )
SECTION 430
Hand auge r  b o r i n g .  L o c a te d  ne a r  house a t  end o f  unpaved secondary road 
1.5  km (4800 f t )  sou thwest  o f  S ignp ine  and 457 m (1500 f t )  n o r t h w e s t  o f  
S t a t e  R o u te  669 ( G r e s s i t t  7 . 5 *  q u a d r a n g l e ) .  UTM c o o r d in a t e s :  zone 18, 
4 ,1 4 4 ,500m.N., 3 5 3 ,200m.E. Augered by M.L. M i t c h e l l  on 9 / 8 / 8 3 .  E l e v a t i o n  
a t  to p  o f  s e c t io n  is  a p p ro x im a te ly  4 .3  m (14 f t ) .
Th ickness
Qgi>crJ.p_t.ign meters, .(it.)
Tabb Fo rm a t ion ,  Lynnhaven Member
S i l t ,  sandy, g r a y i s h - y e l l o w ,  sand Is ve ry  f i n e -  t o  f i n e ­
g ra in e d  w i t h  s c a t t e r e d  medium t o  coarse  g r a i n s .........................  1.0 (3 .0 )
Sand, ve ry  s i l t y ,  s l i g h t l y  c l a y e y ,  g r a y i s h - y e l l o w ,  ve ry
f i n e -  t o  f i n e - g r a i n e d  w i t h  s c a t te r e d  medium t o  c o a r s e   0 .3  ( 1 .0 )
Sand, ve ry  s i l t y ,  s l i g h t l y  c l a y e y ,  g r a y i s h - y e l l o w  w i th  
orange m o t t l i n g ,  f i n e -  t o  ve ry  c o a rs e -g ra in e d ,  sub­
angu la r  t o  subrounded, p o o r l y  s o r t e d ................................................ 0 . 1 5 ( 0 . 5 )
Tabb Fo rm a t ion ,  S e d g e f ie ld  Member
C la y ,  s i l t y ,  medium l i g h t  g ray  w i th  orange f i n e  m o t t l i n g ,  
s c a t te re d  coa rse  s i z e  sand g r a i n s ,  one s h e l l  f ragment
top  10 cm burrowed and f i l l e d  w i t h  sand as above..................... 0 . 1 5 ( 0 . 5 )
C la y ,  ve ry  s i l t y ,  sandy, medium l i g h t  g ra y ,  s c a t te re d  
coarse  sand g r a i n s ,  becomes s a n d ie r  w i t h  dep th ,  one
pebb le ,  t h i n l y  la m in a te d .............................................................................. 0 .8  (2 .5 )
Sand, s i l t y ,  l i g h t  g ray  w i t h  orange m o t t l i n g ,  ve ry  f i n e -  t o  
f i n e - g r a i n e d ,  ve ry  w e l l  s o r t e d ,  s c a t te re d  l i g h t  g ray  c l a y
laminae,  2 p e rc e n t  heavy m i n e r a l s .........................................................  0 .3  ( 1 .0 )
Sand, p e b b ly ,  y e l l o w is h  g ray  t o  w h i te ,  f i n e  t o  ve ry  coa rse ­
g r a in e d ,  abundant g ra n u le s  and pebb les ,  c o a rs e r -g ra in e d  
w i t h  dep th ,  abundant heavy m in e ra ls  (some co n cen t ra ted
as la m in a e ) ...........................................................................................................  0 .5  (1 .5 )
Eas tover  Format ion
Sand, y e l l o w i s h - g r a y  w i t h  orange m o t t l i n g ,  ve ry  f i n e -  t o  
f i n e - g r a i n e d ,  w e l l  s o r t e d ,  s c a t te r e d  c la y e y  zones, t r a c e  
amounts o f  g l a u c o n i t e ,  m ica ,  and heavy m i n e r a l s . . . . .................  0 .3  ( 1 .0 )
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SECTION 431
Hand auge r  b o r i n g .  L o c a te d  a t  I n t e r s e c t i o n  o f  S ta te  Routes 609 and 610, 
427 m (1400 f t )  south  o f  Woods Crossroads ( G l o u c e s t e r  7 . 5 f q u a d r a n g l e ) .  
UTM c o o rd in a te s :  zone 18, 4 ,1 4 8 ,530m.N., 3 5 6 ,760m.E. Augered M.L. M i t c h e l l  
on 5 /1 5 /8 3 .  Groundwater encountered a t  6  m (19 .5  f t )  d e p t h .  E l e v a t i o n  a t  
to p  o f  s e c t i o n  Is  a p p ro x im a te ly  31 m (102 f t ) .
ThIckness
D e s c r Ip t l o n  meters ( f t )
Windsor Formation
Sand, s i l t y ,  c l a y e y ,  l i g h t  brown, f i n e -  t o  m e d iu m -g ra in e d . . .  0 .3  ( 1 .0 )  
Sand, ve ry  c l a y e y ,  l i g h t  brown, f i n e -  t o  med ium-gra ined   1.0 (3 .0 )
C la y ,  sandy, s i l t y ,  i n t e r m o t t l e d  w i th  s i l t y  c la y e y  sand, 
l i g h t  g ray  w i th  y e l lo w  and orange m o t t l i n g ,  sand Is ve ry  
f i n e -  t o  medium-grained w i th  s c a t te re d  coarse  g r a i n s ,  
modera te ly  t o  p o o r l y  s o r t e d ,  sand decreases w h i l e  s i l t
Increases w i t h  d e p th ....................................................................................  2 .0  ( 6 .0 )
S i l t ,  c l a y e y ,  g r a y i s h - y e l l o w  w i th  orange m o t t l i n g ,  l o c a l l y
c o l o r  banded ( l a m i n a t e d ? ) ......................................................................... 0 .1 5 ( 0 .5 )
C la y ,  s i l t y ,  l i g h t  g ray  w i th  red m o t t l i n g .........................................  0 .8  (2 .5 )
C lay ;  as above, b u t  s l l t i e r ,  y e l lo w is h -b ro w n ,  and w i th
r o o t l e t  c a s t s ....................................................................................................  0 .3  ( 1 .0 )
C la y ,  l i g h t  g ray  w i t h  g r a y i s h - y e l l o w  m o t t l e s ;  se ve ra l  t h i n  
l i g h t  g ra y ,  ve ry  l i g h t  g ra y ,  ve ry  f i n e - g r a i n e d ,  w e l l
so r te d  sand la ye rs  near base; laminated near base ....................  0 . 6  ( 2 . 0 )
Sand, o r a n g i s h - g r a y , f i n e - g r a i n e d  w i th  10$ medium g r a in s ,  
m odera te ly  t o  w e l l  s o r t e d ,  seve ra l  2  cm l i g h t  g ray  c l a y
lenses,  abundant heavy m i n e r a l s ...........................................................  1.0  (3 .0 )
Sand; as above, b u t  f i n e -  t o  medium-grained w i t h  10$
coarse  g r a i n s ....................................................................................................  0 .3  (1 .0 )
Sand; o r a n g i s h - g r a y , f i n e -  t o  ve ry  co a rs e -g ra in e d  w i th  
s c a t te re d  pe bb le s ,  coarsens downward, q u a r tzose ,  lesse r
amount o f  heavy m in e ra ls  than a b o v e . . . ...........................................  0 .5  ( 1 .5 )
Sand, y e l l o w i s h - g r a y ,  c o a rs e -  t o  ve ry  c o a rs e -g ra in e d  w i th  
1 0 $ f i n e  g r a i n s ,  s c a t te r e d  pebb les ,  modera te ly  t o  p o o r l y
s o r t e d ,  subangu la r  t o  subrounded, q u a r t z o s e ................................  0 .3  (1 .0 )
Sand, l i g h t  g ray  t o  ye I l o w l s h - g r a y , f i n e - g r a i n e d  w i t h  10$
medium g r a i n s ,  w e l l  s o r t e d ,  t r a c e  o f  heavy m i n e r a l s ..............  0 . 1 5 (0 .5 )
SECTION 432
Hand auger b o r i n g .  L o c a te d  on je e p  t r a i l  914 m (3000 f t )  s o u t h e a s t  o f  
C h u r h  H I M  ( G l o u c e s t e r  7 . 5 *  q u a d r a n g l e ) .  UTM c o o rd  I n a i e s : zone 18 ,  
4 ,14 7 ,0 00 m .N . , 3 5 9 ,220m.E. Augered by M.L. M i t c h e l l  on 7 /1 7 /8 3 .  E l e v a t i o n  
a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  33 .5  m (110 f t ) .
Th ickness
Descr i p t l o n  me±srj5_ l ± t l
B a rh a m s v i I le  fo rm a t io n
S i l t ,  sandy, c l a y e y ,  medium gray  w i t h  red and y e l lo w
m o t t l i n g ,  sand Is  f i n e -  t o  medium-grained w i t h  s c a t te re d
ve ry  coarse  g r a i n s ,  l o c a l l y  c o n ta in s  sa n d ie r  lam inae   1 .8  (5 .5 )
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Sand, s i l t y ,  s l i g h t l y  c l a y e y ,  moderate redd ish -o ra n g e  
w i t h  g ray  m o t t l i n g ,  f i n e - g r a i n e d  w i t h  s c a t te re d  ve ry  
coa rse  g r a i n s ,  s c a t t e r e d  p l l n t h l t e s  and l i g h t  g ray
c la y e y  b le b s ,  coarsens s l i g h t l y  downward....................................... 1 .5 ( 4 .5 )
SECTION 433
C o m p o s i te  s e c t i o n .  Upper 5m (17 .5  f t )  Is exposed In sand p i t .  Located In 
sand p i t  152 m (500 f t )  n o r t h e a s t  o f  U.S. Highway 17 and 366 m (1200  f t )  
s o u th  o f  C hurch  H i l l  (G lo u c e s te r  7 .5 *  q u ad ra n g le ) .  UTM c o o rd in a te s :  zone 
18 ,  4 , 1 4 7 , 0 8 0 m .N . ,  3 5 8 , 400m .E .  Augered  by M .L .  M i t c h e l l  on 7 / 1 7 / 8 3 .  
E l e v a t io n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  26 .5  m (87 f t ) .
Th ickness
Windsor Format ion
C la y ,  s i l t y ,  sandy, coarsens downward t o  c la ye y  s i l t y  sand,
moderate r e d d is h -o ra n g e ,  s c a t t e r e d  pebble l a y e r s ........................  4 . 0 ( 1 2 .0 )
Sand, w h i t e ,  f i n e -  t o  ve ry  c o a rs e -g ra in e d  w i th  s c a t te re d  
g ra n u le s  and p ebb les ,  t ro u g h  c rossbeds ,  very  coarse  and
pebb ly  base ........................................................................................... .............  1.8  (5 .5 )
Sand, ve ry  s i l t y ,  l i g h t  g ra y  w i t h  y e l lo w  m o t t l i n g ,  ve ry
f i n e - g r a i n e d .................................................................. ...................................  0 . 6  ( 2 . 0 )
Sand, ve ry  c l a y e y ,  medium l i g h t  g ray  w i th  o r a n g Is h -g ra y  
m o t t l i n g ,  f i n e -  t o  c o a r s e - g r a in e d ,  y e l lo w  s u l f u r o u s
p r e c i p i t a t e  near base ..................................................................................  0 . 6  ( 2 . 0 )
BarhamsvI I l e  fo rm a t io n
S i l t ,  c l a y e y ,  sandy, in te rbedded  w i t h  c la y e y  s i l t y  sand, 
o ra n g Ish -b ro w n ,  sand Is f i n e -  t o  ve ry  co a rse -g ra In e d  
and p o o r l y  s o r t e d ,  abundant f e r r l c r e t e  and manganese 
o x id e ,  t r a c e  o f  g l a u c o n i t e ....................................................................... 0 . 6  ( 2 . 0 )
SECTION 434
Hand a u g e r  b o r i n g .  L o c a te d  cn j e e p  t r a i l  1 km (3400 f t )  east  o f  Church 
H i l l  ( G l o u c e s t e r  7 . 5 f q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  z o n e  1 8 ,
4,1  47 ,430m .N . ,  3 5 9 ,450m.E. Augered by M.L. M i t c h e l l  on 7 /1 8 /8 3 .  E le v a t io n  
a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  32 .9  m (108 f t ) .
Th ickness
Descript ion meters ( f t )
B a rh a m s v l I le  fo rm a t io n
S i l t ,  sandy, c l a y e y ,  redd Ish-brown w i t h  g ray  and y e l lo w
m o t t l i n g ,  sand Is f i n e - g r a i n e d .............................................................. 0 .6  (2 .0 )
C la y ,  sandy, medium l i g h t  g r a y ,  sand Is f i n e -  t o  medium
gra  in e d ..................................................................................................................  1 .3 (4 .0 )
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SECTION 435V
Hand a u ge r  b o r i n g .  Located 6  m (20 f t )  n o r th w e s t  o f  S ta te  Route 610, 1.2  
km (3800 f t )  n o r th e a s t  o f  Woods Crossroads (G lo u c e s te r  7 . 5 *  q u a d r a n g l e ) .  
UTM c o o r d i n a t e s :  zone 18 ,  4 , 1 4 9 , 690m . N . ,  3 5 7 , 840m.E. Augered  by C.R. 
B e r q u l s t .  E le v a t io n  a t  to p  o f  s e c t i o n  Is  a p p ro x im a te ly  33.5  m (110 f t ) .
ThIckness
D e s c r I p t l o n  meters ( f t )
B a rh am sv l I le  fo rm a t io n
Sand, s i l t y ,  l i g h t  brown, s c a t t e r e d  laminae, grades down 
ward I n to  dark brown c la y e y  s i l t y  f i n e -  t o  medium-
g ra ined  sand...........................................................................................................  2 . 0  (6 . 0 )
SECTION 436V
Hand auger b o r in g .  Located on unpaved secondary road 1 .3 ml n o r t h w e s t  o f  
Ark  (G louces te r  7 .5 *  q u a d ra n g le ) .  UTM c o o r d in a te s :  zone 18, 4 ,1 4 5 ,075m.N., 
3 5 7 ,310m.E. Augered  by C .R .  B e r q u l s t .  E l e v a t i o n  a t  t o p  o f  s e c t i o n  Is  
a p p ro x im a te ly  34,1 m (112 f t ) .
ThIckness
Descr I p t l o n  meters, . ( f l l
B a rh am sv l I le  fo rm a t io n
SI I t   0 .6  (2 .0 )
Sand, s i l t y ,  f i n e - g r a i n e d     0 . 6  ( 2 .0 )
Sand, s i l t y ,  c l a y e y ,  f i n e -  t o  c o a r s e - g r a in e d .....................................  2 .3  ( 7 .0 )
Sand, s i l t y ,  c l a y e y ,  red w i t h  g ray  and ye l lo w  m o t t l i n g ,
f i n e -  t o  medium-gra ined, s c a t t e r e d  l i g h t  g ray  c l a y
f  lasers  o r  p e b b le s ...........................................................................................  0 .3  (1 .0 )
SECTION 437V
Hand auger b o r in g .  Located 6  m (20 f t )  n o r t h  o f  S t a t e  R cu te  6 13 ,  1.1 ml 
southwest o f  U.S. Highway 17 (G lo u ce s te r  7 . 5 '  q u a d ra n g le ) .  UTM c o o r d i ­
na tes :  zone 18,  4 , 1 4 5 ,0 7 5 m ,N . ,  3 5 7 , 310m.E.  Augered  by C .R .  B e r q u i s t .  
E le v a t io n  a t  to p  o f  s e c t i o n  Is  a p p ro x im a te ly  29 .9  m (98 f t ) .
ThIckness
Deser.ipt ipn meters (ft)
Windsor Formation
Si I t ...............................................................................................................................  0 .6  ( 2 .0 )
Sand, f i n e - g r a i n e d ...............................................................................................  0 . 6  ( 2 . 0 )
Sand, muddy, p In k I s h - g r a y ,  f i n e - g r a i n e d ,  becomes less
muddy and c o a rs e r - g r a in e d  w i t h  d e p th ..................................................  3 .3 ( 1 0 .0 )
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SECTION 438V
Hand auger b o r in g .  Located 6  m (20 f t )  w e s t  o f  S t a t e  R o u te  6 1 3 ,  0 . 8  km 
(0 .5  ml)  south  o f  Sassafras  (G lo u ce s te r  7 . 5 1 q u a d ra n g le ) .  UTM c o o rd in a te s :  
zone 18, 4 ,1 4 0 ,280m.N., 3 5 7 ,890m.E. Augered by C.R. B e r q u l s t .  E le v a t io n  a t  
top  o f  s e c t i o n  Is  a p p ro x im a te ly  30 m (95 f t ) .
Th Ickness
DescrIptIon meters (ft)
Windsor Formation
Sand, l i g h t  brown, f i n e -  t o  med ium-gra ined,  lo o s e ...........................  2 .3  (7 .0 )
Sand, s l i g h t l y  muddy, red w i th  brown and y e l lo w  m o t t l i n g ,
g ray  a t  b o t to m ....................................................................................................  1.3 (4 .0 )
APPENDIX 2
D e s c r i p t i v e  logs f o r  s e le c te d  measured s t r a t I g r a p h I c  s e c t i o n s .
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SECTION 1A
Exposed In sand p i t  0 . 9  km (3000  f t )  n o r t h w e s t  o f  S h a ck le fo rd s  Fork 
(S h a c k le fo rd s  7 .5 *  q u a d ra n g le ) .  UTM c o o r d in a te s :  zone 18, 4 , 1 57,275m.N. ,  
3 4 8 ,690m.E. E le v a t io n  a t  top  o f  s e c t i o n  Is a p p ro x im a te ly  2 7 .4  m (90 f t ) .
ThIckness
D e s c r ip t ion m...(i-tJ
Windsor Formation
Sand, c la y e y ,  medium g ra y  w i t h  o ra n g Is h -g ra y  m o t t l i n g ,
l o c a l l y  I n te r m o t t le d  w i t h  s i l t y  c l a y .............................................. 2 .0  (6 .0 )
Sand, w h i te  t o  ye I I o w Is h - g r a y , f i n e  t o  medIum-graIned 
w i th  s c a t te re d  coarse  g r a i n s ,  modera te ly  s o r t e d ,  low
ang le  p la n a r  c ro ss  beds, heavy m inera l  laminae  .......... 2 . 0  ( 6 . 0 )
Sand, muddy, o r e n g I s h - g r a y , f i n e  t o  c o a rs e -g ra in e d ,  
p o o r l y  s o r te d ,  low ang le  t ro u g h  c ross  beds, s c a t te re d
heavy m inera l  g r a i n s ,  grades l a t e r a l l y  I n t o ......................... .. 1 .6 (5 .0 )
G ra ve l ,  sandy, moderate re d d is h -o ra n g e ,  g ra ve l  Is  q u a r tz
and c h e r t ,  c u t - a n d - f i l l  s t r u c t u r e s  common  .....................  2 .3  (7 .0 )
SECTION IB
Exposed In roa dcu t  o f  unpaved secondary road above Goalders Creek 0 .7  km 
(2400  f t )  s o u th  o f  S h a c k l e f o r d s  ( Shack I e f o r d s  7 . 5 *  q u a d ra n g le ) .  UTM 
c o o rd in a te s :  zone 18, 4 , 1 5 6 , 225m .N . ,  3 4 7 , 000m.E.  E l e v a t i o n  a t  t o p  o f  
s e c t io n  Is a p p ro x im a te ly  19.2 m (63 f t ) .
Th ickness
Chuckatuck fo rm a t io n
Sand, very  s i l t y  and c la y e y ,  moderate re d d is h -o ra n g e ,  
f i n e -  t o  very  coarse  g r a in e d ,  coarsens downward,
cobb les  a t  base .............................................................................................  7 .0  (22)
Sand, s i l t y ,  c l a y e y ,  moderate r e d d is h -o ra n g e ,  f i n e  t o
coarse  g r a in e d ...............................................................................................  0 . 6  (2 . 0 )
Yorktowm Formation
Sand, s i l t y ,  ve ry  c l a y e y ,  dark brown, c o n ta in s  manganese
o x id e  and g la u c o n i t e ,  c o m p a c t . . .......................................................  1.0 (3 .0 )
Sand, s i l t y ,  o re n g is h -y e I  Iow, ve ry  f i n e -  t o  f i n e - g r a i n e d ,
w e l l  s o r te d ,  c o n ta in s  numerous s h e l l  g h o s ts ,  loo se   2 .3  (7 .0 )
SECTION 1C
Exposed In ro a d cu t  o f  jeep t r a i l  across Poropotank R ive r  1 .9  km (1 .2  mi) 
e a s t  o f  C o lo g ne  ( S h a c k l e f o r d s  7 . 5 1 q u a d ra n g le ) .  UTM c o o rd in a te s :  zone 
18, 4 , 1  5 4 , 9 0 0 m , N . ,  3 5 2 , 7 0 0 m . E .  E l e v a t i o n  a t  t o p  o f  s e c t i o n  Is  
a p p ro x im a te ly  16.8 m (55 f t ) .
Th Ickness
Sand, s i l t y ,  orange t o  y e l l o w ,  f i n e - g r a i n e d ,  w e l l
s o r t e d ,  c o n ta in s  abundant g l a u c o n i t e ,  m ass ive .................. .. 5 . ( 1 6 .5 )
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SECTION 2A
Exposed In r o a d c u t  o f  S ta te  Route 14 above e a s t  bank o f  t h e  Poropotank 
R i v e r  1 .6  km (1 m l )  w e s t  o f  Ad n e r  ( G r e s s l t t  7 . 5 *  q u a d r a n g l e ) .  UTM 
c o o r d i n a t e s :  zone 18 ,  4,1  51 ,360m .N . ,  3 5 4 , 250m.E. E le v a t io n  a t  to p  o f  
s e c t i o n  Is a p p ro x im a te ly  20 .4  m (67 f t ) .
Th Ickness
D e s c r i p t i o n  E L l i l l
Windsor Formation
Sand, c la y e y ,  o ra n g Is h -g ra y ,  f i n e - g r a i n e d ,  l i g h t  gray
c la y  f  l a s e rs ,  coarsens downward.........................................................  2.1 (6 .5 )
Sand, y e l l o w ,  f i n e -  t o  medium-grained w i t h  s c a t te r e d  
coarse  g r a i n ,  w e l l  s o r t e d ,  mass ive , f e r r I c r e t e  a t  top  
and bo t tom, s c a t te r e d  l i g h t  g ray  c l a y  l a y e r s ,  t r a c e  o f
heavy m in e r a l s ................................................................................................ 0 .5  (1 .5 )
B a rh a m sv l l le  fo rm a t io n
Sand, s i l t y ,  moderate re d d Is h -o ra n g e ,  I n t e r  laminated 
l i g h t  gray c l a y ,  sand Is f i n e -  t o  med ium-gra ined,
f l a s e r  t o  wavy b e d d in g .............................................................................  2 . 6  ( 8 . 0 )
Yorktown Formation
C la y ,  dark brown; abundant f e r r i c r e t e ,  manganese o x id e ,
and g la u c o n i t e ,  l o c a l l y  m a r l y ............................................................ 1.0 ( 3 .0 )
Sand, s i l t y ,  y e l l o w ,  f i n e - g r a i n e d ,  w e l l  s o r t e d ,
g l a u c o n i t i c ,  lo o se ....................................................................................... 0 . 6  ( 2 . 0 )
SECTION 2B
Exposed in ro a dcu t  o f  jeep t r a i l  1 . 6  km (1 m i )  s o u t h e a s t  o f  P l a l n v l e w  
( G r e s s i t t  7 . 5 1 q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  i:one 18, 4 ,1 5 0 ,480m. N . , 
3 5 3 ,850m.E. E le v a t io n  a t  top  o f  s e c t i o n  Is  a p p ro x im a te ly  18.6 m (61 f t ) .
Th ickness
D,e.scr ipt io n
Barhamsvi I l e  fo rm a t io n
Sand, very  s i l t y  and c la y e y ,  moderate re d d is h -o ra n g e ,
f i n e  t o  c o a r s e -g ra in e d ,  m o t t l e d .........................................................  0 . 6  ( 2 . 0 )
Yorktown Formation
C lay ,  sandy, dark brown, c o n ta in s  f e r r I c r e t e  and
g la u c o n i t e ,  compact....................................................................................  1.2 (3 .5 )
Sand, s l i g h t l y  s i l t y ,  moderate ye I lo w ls h -b ro w n ,  f i n e ­
g ra in e d ,  we l l  s o r t e d ,  g l a u c o n i t i c ..................................................... 1.3 (4 .0 )
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SECTION 2C
Exposed In r o a d c u t  a lo n g  power l i n e  a cce ss  road  0 . 9  km ( 3 0 0 0  f t )  
s o u t h e a s t  o f  New Hope Church  ( S h a c k l e f o r d s  7 . 5 f q u a d r a n g l e ) .  UTM 
c o o rd in a te s :  zone 18, 4 , 1 5 7 , 125m.N., 3 5 3 , 575m.E .  E l e v a t i o n  a t  t o p  o f  
s e c t i o n  Is a p p ro x im a te ly  35 m (115 f t ) .
Th Ickness
D e s c r I p t i o n  m ( f t )
B a rh a m s v l l le  fo rm a t io n
S i l t ,  m odera te ly  c l a y e y ,  s l i g h t l y  sandy, moderate
re d d is h -o ra n g e ..................................................................................................  3 .3 ( 1 0 .0 )
S i l t ,  sandy, c la y e y ,  In te r l a m in a te d  w i t h  s i l t y  c l a y ;
y e l l o w ,  g ra y ,  and red ;  l o c a l l y  m o t t l e d ............................................  4 .0 (1 2 .0 )
Sand, s i l t y ,  g r a y i s h - y e l l o w ,  ve ry  f i n e - g r a i n e d ,  w e l l  
s o r t e d ,  very  micaceous,  l o c a l l y  w i th  wavy bedd ing ,
s c a t te re d  e n ig m a t ic  b u r ro w s ..................................................................... 5 .0 (1 5 .0 )
SECTION 2D
Exposed In sand p i t  122 m (400 f t )  n o r th  o f  S ta te  Route 33, 0 .9  km (3000 
f t )  sou thwest  o f  B a t t  (Shack l e f o r d s  7 . 5 T q u a d r a n g le ) .  UTM c o o r d i n a t e s :  
zone 18, 4 , 1 5 8 , 400m .N . ,  3 5 3 , 760m .E .  E l e v a t i o n  a f  t o p  o f  s e c t i o n  Is 
a p p ro x im a te ly  30 m (99 f t ) .
Th Ickness
D e s c r Ip t Io n  m ( f t )
B a rh a m sv l l le  fo rm a t io n
Sand, s i l t y ,  moderate re d d is h -o ra n g e ,  ve ry  f i n e - g r a i n e d  
t h i n l y  in te rbedded ( 3 - 5  cm) w i th  l i g h t  g ra y  ve ry
c laye y  sand, s c a t te r e d  c l a y  p e b b le s ................................................  0 .3  (1 .0 )
Sand, s i l t y ,  dark y e l l o w is h - o r a n g e ,  f i n e - g r a i n e d ,  we l l  
s o r t e d ,  subrounded t o  rounded, s m a l l - s c a le  t ro u g h  
crossbeds accentua ted  by l i g h t  g ray  c l a y  laminae and
c h ip s ,  7 .5  cm o f  f e r r l c r e t e  a t  base ................................................  1.3 (4 .0 )
C la y ,  l i g h t  g ra y ,  I n t e r  laminated w i th  dark y e l l o w i s h -
orange very  f i n e - g r a i n e d  sand .............................................................. 0 .1 5 (0 .5 )
Sand, s i l t y ,  g ra y Is h -o ra n g e ,  f i n e - g r a i n e d ,  w e l l  s o r t e d   0 .1 5 (0 .5 )
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SECTION 2E
Exposed In r o a d c u t  o f  unpaved s e c o n d a ry  ro a d  1 .6  km (1 ml) n o r th  o f  
Adner ( S h a c k l e f o r d s  7 . 5 *  q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  zone 18, 4 ,  
152,200m.N.,  3 5 4 ,950m.E. E le v a t io n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  26 
m (85 f t ) .
Th Ickness
DfiscrJptlon m_ ii± J
Windsor Formation
Sand, s i l t y ,  ye I l o w !s h -g ra y ,  ve ry  f i n e -  t i  f i n e - g r a i n e d
f e r r  I c r e t e  and pebbles a t  base ...........................................................  6 . 1 (2 0 .0 )
B a rh a m s v l l le  fo rm a t io n
Sand, ve ry  s i l t y  and c la y e y ,  moderate re d d is h -o ra n g e ,
f i n e -  t o  c o a r s e - g r a in e d ...........................................................................  4 .8 (1 4 .5 )
Yorktown Formation
C la y ,  sandy, dark brown, abundant In manganese o x id e
and g la u c o n i t e ,  compact....................................................... , .................  1.3  (4 .5 )
SECTION 2F
E x p o s e d  In e r o s i o n a l  c u t  a b o v e  Woods M i l l  Swamp 2 . 4  km ( 1 . 5  m l)
southwest o f  Pampa (Saluda 7 .5 *  q u a d ra n g le ) .  UTM c o o r d i n a t e s :  zone 18,
4,1 5 2 , 4 7 5 m .N . , 3 5 7 ,575m.E. E le v a t io n  a t  to p  o f  s e c t io n  Is  a p p ro x im a te ly  
27.4  m (90 f t ) .
Th ickness
P.es>cr iplJgrt olJ1±).
B a rh a m s v l l le  fo rm a t io n
Sand, ve ry  s i l t y  and c la y e y ,  moderate r e d d is h -o ra n g e ,  
f i n e  t o  c o a rs e -g ra in e d ,  m odera te ly  s o r t e d ,  s c a t te re d
pebbles and la rge  co b b le s ,  f e r r  I c r e t e  a t  base.........................  6 . 0 ( 1 8 . 0 )
Sand, g ra y is h -o r a n g e ,  f i n e -  t o  med ium-gra ined,  we l l
s o r te d ,  q u a r tzo se ,  p la n a r  c rossbeds s t r i k i n g  N6 8 E and
d ip p in g  14 degrees NW............................................................................. .. 1.3 (4 .0 )
Sand, moderate re d d is h -o ra n g e ,  f i n e - g r a i n e d ,  l i g h t  gray 
c l a y  f l a s e r s  and c l a y  c h ip  la y e r s ,  s c a t te re d  pebb les ,
c l a y - l i n e d  burrows 1.5 cm in d ia m e te r ...........................................  2 .0  ( 6 .0 )
Sand, dark y e l l o w is h - o r a n g e ,  f i n e - g r a i n e d ,  I n t e r  laminated
w i t h  l i g h t  g ray  c l a y ,  f l a s e r  bedding common, b u r r o w e d . . . .  1 .6  (5 .0 )
C la y ,  ve ry  l i g h t  g ra y ,  lam ina ted ,  w i t h  s m a l l - s c a le  r i p p l e s
o r  crenu I a t  Ions,  deformed b e d d in g ....................................................  0 .4  (1 .5 )
Sand, moderate r e d d is h -o ra n g e ,  f i n e -  t o  c o a rs e -g ra in e d
w i t h  s c a t te re d  pebb les ,  4 cm o f  f e r r I c r e t e  a t  base ..............  0 .1 5 (0 .5 )
Yorktown Format ion
C la y ,  sandy, dark re d d ish -b ro w n ,  g l a u c o n i t i c ,  compact   1 .0  ( 3 .0 )
Sand, s i l t y ,  g r a y i s h - y e l l o w ,  40% t o  6056 s h e l l s  (P l io c e n e
fa u n a ) ,  g l a u c o n i t i c . ..................................................................................  2 .3  ( 7 .0 )
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SECTION 26
Exposed In ro a dcu t  o f  U.S. Highway 17 on n o r t h w e s t  bank o f  Woods Mi l l  
Swamp ( G r e s s l t t  7 . 5 *  q u a d r a n g l e ) .  UTM c o o r d i n a t e s :  z o n e  1 8 ,
4 ,1 5 0 ,320m.N. ,  3 5 5 ,800m.E. E le v a t io n  a t  to p  o f  s e c t i o n  Is  a p p r o x i m a t e l y  
16.8 m (55 f t ) .
Th Ickness
Descr.!pt.i qd m ( f t )
B a rh a m sv l I le  fo rm a t io n
Sand, moderate redd Ish -o range ,  f i n e - g r a i n e d  w i t h  s c a t te re d  
medium t o  coarse  g r a i n s ,  I n t e r  laminated w i t h  l i g h t  g ray
c l a y ,  t r a c e  amounts o f  g l a u c o n i t e .........................................    1 .0 (3 .0 )
Yorktown Formation
C la y ,  sandy, dark re d d ish -b ro w n ,  c o m p a c t . , .......................................  0 .8  (2 .5 )
Sand, s i l t y ,  moderate y e l lo w is h -b ro w n ,  f i n e - g r a i n e d ,
w e l l  s o r te d ,  g l a u c o n i t i c ............................................................................ 0 . 6  ( 2 . 0 )
SECTION 3A
Exposed in roadcu t  o f  S ta te  Route 605, 366 m (1200 f t )  south  o f  G r e s s l t t  
( G r e s s l t t  7 . 5 f q u a d ra n g le ) .  UTM c o o r d i n a t e s :  zone 18 ,  4 ,1  4 9 , 7 9 0 m .N . , 
3 4 8 ,830m.E. E le v a t io n  a t  to p  o f  s e c t i o n  is  a p p ro x im a te ly  10.7 m (35 f t ) .
Th Ickness
S h i r l e y  fo rm a t io n
C la y ,  sandy, medium dark g ray  w i th  o ra n g is h -g ra y  m o t t l i n g ,
sand Is s c a t te re d  and f i n e -  t o  c o a r s e - g r a in e d . 0 . 6  ( 2 . 0 )
C lay ;  as above, b u t  w i t h  s c a t te r e d  pebbles and r o o t l e t
c a s t s .......................................................................................................  0 .8  (2 .5 )
Sand, g r a v e l l y ,  g ra y is h -o ra n g e ,  f i n e  t o  c o a r s e - g r a i n e d . . . .  0 .5  (1 .5 )
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SECTION 3B
Exposed In sand p i t  above Meadow Swamp 1 .8  km (1.1 ml) e a s t  o f  G r e s s l t t  
( G r e s s l t t  7 .5 *  q u a d ra n g le ) .  UTM c o o r d i n a t e s :  zone 18 ,  4 , 1 49,750m . N . ,
Chuckatuck fo rm a t io n
Sand, s i l t y  and c la y e y ,  moderate re d d is h -o ra n g e ,  f l n e -  
t o  medium-gra ined, s c a t te re d  and pebbles l a y e r s ,  
coarsens downward and becomes less c la y e y  w i t h  d e p t h . . .  2 . 6  ( 8 . 0 )
Sand, g rave l  le y ,  w h i te  t o  l i g h t  g ra y ,  f i n e  t o  ve ry
c o a r s e -g r a in e d ,  numerous t rough  c rossbeds ,  s c a t ­
te re d  heavy m ine ra l  laminae and bur rows ,  cobb les
a t  base.............................................................................................................  1.3 ( 4 .0 )
Covered s e c t i o n  ( c o l l u v l u m ) .........................................................................  3 .6 ( 1 1 .0 )
Yorktown Formation
Sand, moderate y e l l o w is h -b ro w n ,  f i n e - g r a i n e d ,  we l l
s o r t e d ,  s l i g h t l y  g l a u c o n i t i c , .............................................................. 1 .8 ( 5 .5 )
Eas tover  Formation
S i l t ,  c l a y e y ,  s l i g h t l y  sandy, b l u i s h - g r a y  w i t h  o r a n g ls h -  
g ra y  m o t t l i n g ,  sand Is ve ry  f f n e - g r a ln e d ,  micaceous, 
to p  10 cm burrowed w i th  sand from above u n i t ...........................  2 .3  (7 .0 )
3 5 0 ,290m.E. E le v a t io n  a t  to p  o f  s e c t i o n  Is a p p ro x im a te ly  16.8 m (55 f t ) .
ThIckness
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